Membrane receptors with intrinsic Ser/Thr
kinase activity




Y1rep-oikoyéveid KUToKIVWY TGF-p

PdAo kAe1di oTov ToAAamAaciaopo, diagpopoToincn Kai amoéTTwon

* TGF-p

* BMP (Bone morphogenetic peptide)

* GDFs (Growth differentiation factors),

« GDNF (Glial cell line derived neurotrophic factor)
 Activin/inhibin

* Nodal

* Myostatin (puoatarivn)

 AMH (anti-Mdllerian hormone)
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Synthesis (intracellular)

1. TGF-p precursor
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Large latent TGF-f3 complex
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Model of TSP1 interactions with the latent TGF-[3
complex that mediate activation

LTBP

LAP LSKL binding
to mature RKPK is

necessary to 4 (&
maintain latency s __ Mature TGF-§

TSP1 KRFK competes
with RKPK for LSKL binding
to disrupt RKPK-LSKL interactions

necessary for latency TSP1TSRs
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TTivakag 13.1. O1 avTicToiXia avapsoa oToug S1dpopous TPoodeTeg THG olkoyeveiag Twv TGFDP kai
ToU GUUTTAOKOU UTTo80XEWV Yid TNV EVEPYOTICINGN TOU LOVOTIATIoU
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O poAo¢ Tou ouv-umodoxéa RIIT, pnrayAukdavn atn dpdon TGF-p2 kai

inhibin
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Omwc Kai Je ToOUC UTTOBOXEIC TTOU TTEPIEXOUV KIVADH TUPOGivNnG, 0 OAIYOUEPIOUOC Kal N
PpwaoopUAiwon amoTeAoUv To oApA Yid ThY 0TPATOAOYNON TIPWTEIVWY TEAEOTWV.

€)oT600, 01 UTTOJOXEIC KIVAOEC aepivng/Bpeovivng XpnoipoToioUV Hid KATTWE S1dPopETIKA
TPOCEYYION YId TOV EAEYXO0 TNC EVEPYOTNTAC TWV Kivaowv. Edw n pwaogopuAiwon aAAdlel Thv
KATAAUTIKA 8pddTIKOTNTA ATTOHAKPUVOVTAC TOV KATAGTAATIKO Treplopiopd (n GS meploxh Tou
gival opnvwpévn atov N-Aopd) KaBwe Kal amoTpEmovTag TNV oUvdean Tou avaoToAéa

FKBP12



GS-domain

activation
segment

TGFB-RI
kinase domain

H dopn Tou TGFpP umodoxéa TuTou I pavepwvel pia eploxh kivdong. To kéEvTpo evepyomoinong (KOKKIVO)
£Xel TN oCWOTA diapdppwaon, aAAd n Ttapouaia Thg GS TeploxAc (avoiXTé UTTAE), ToU opnvWVvEeTaAl HEOA OTOV
N-Aopo, mpokaAei TepioTpopn Tng aC-éAikag kair £To1 amopakpuvel To K232 (Lys) and 1o E245 (Glu). Autd
eumodilel Tnv owaoTh ToTmoOEéTnon Tou ATP ath oxiop. To katdAoiTto Bpeovivng Kai Ta Tpia KaTdAoITa
agpivng Tou pwogopuAivovTal aThv GS Teploxh, ameikovi{ovral we

. Tha va emiTeuxBei kaTaAuTIKA dpacTnpidTnTa h GS Tepioxh amokoAAdTar pepikwe (1), apAvovrag
¢1o1 Ta K232 kai E245 va mAnaidoouv (2), divovrag thv duvaroétnta oto ATP va TomoBeTnOci owotd. H
L45 OnAid, n omoia aAAnAemidpd pe Tnv L3 OnAid Twv Smad mpwTeivly, givar pwp.
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O TGFp umodoxéag Tumou I umdpxel o€ TPEIC dIAPOPETIKEC KATAOTATEIC.

Avevepyoc (inactive): éxel Tnv meploxh 6S opnvwpévn ato N Aopo (PonBoulpevn va mapapeivel oTn B€on TnG
amo6 Tnv FKBP12)

2 ¢ evdidueon katdotaon (intermediate): emiTpémeTal h TaAdvtwaon peTall TN TTPOOKOAANUEVNG Kal €V HEPEI
amokoAAnpévng Béong thg GS

Evepyoc (active): oThv katdatach auTth h pwopopUAiwpévn GS mteploxh dev umopei va opnvwOei atov N Aopd. H
PWOPopUAiwon eTTAyeTal amd Thv oTEVA yeITviaon Twy uttodoxéwy TUTou I kai TUTou IT. H pwogopuAiwpévn
GS mepioxh, pali pye Tnv L45 OnAid, oxnpartilel Tnv Béon mpoadeang Twv Smad mpwTeivwy puBmopevwy amo
umodoxei¢ (R-Smad) (1), o1 oToieg oTn ouvéxeia pwapopuAiwvovTtal ae dUo aepiveg ato C-dkpo Toug (2). H
SARA d1eukoAUvel Tnv aAAnAemtidpaon peTall Twv R-Smads kai Tou utrodoxéa TUToU I. MOAIC
pwopopUAIwWBoUV, ot R-Smads mpwTeiveg amokoAAWvTal amd Tov utodoxéa (3).
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Interaction with:  Interaction with:
-DNA _TBRI
-Smad4
-DNA binding co-factors

Smadl |
———— Smadb
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regulated
- Smad?2
Smad3
"
common
mediator | | Smad4
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R-SMAD : Receptor Regulated

basic
pocket
CTAGACAT - hydrophobic
GATCTGTA e :
N corridor
L E0esIa | 131260 [ 260407 nesidues

O1 Smad mpwTeiveg ou puBuilovTal amd umodoxeic €xouv Tpia d1akpITd TUANATA : pia ouvThpnpévn MH1
JOoUIKA TTEPIOX A, Hia TTI0 amokAivouaa ouVETIKA TTeploxXh Kal pia uynAd cuvthpnpévn MH2 dopiki Ttepioxh.

H MH1 otaBepomoicitar amd 16vra Zn?* (KiTpiva opaipidia) Kai epUTepIEX el Hia p poUpKETA TTOU OUVBEETAI OTO
Smad- ouvdcTIKO oToixeio (SBE).

H MH2 dopikn reploxn 61a0éTel éva C-TeAikd SXS poTiPpo, To oTmoio pwopopuAlwveTal attd Tov uttodoxéda
TUTou I. A1aBéTer akdpa kai pia L3 OnAid kai pia pacikh OAkn, o1 omoie¢ aAAnAemidpoUv pe Thv L45 kai Thv
pwopopUAiwpévn GS Treploxh Tou uTtodoxéa. EkBETel évav udpdpopo diddpopo, o oToiog cival n Béon
TPOadeoNC Yid TTOAAEC TTIPWTEIVEG, €K TWV oTroiwy Kal Thg SARA. EmimAéov, aAAnAemidpad pe éva peydho
ap1Bpuo Kar dAAwv cuoTaTikWwy TepiAappdvovtag: Tov TbR-1, mpwTeiveg TUPNVIKWY TTOPWYV, OUVEVEPYOTIOINTEC
Kdl KATAoToAgi¢ Kal oupTapdyovteg Ttou cuvdéovtal oto DNA. EumrAékeTal oTov oAlyopepiopd Twy Smad .



(a)

b gl

TGFp-RI

Katd Tn pwopopuAiwon Tou kapPpofuteAikoU poTipou SxS, ol mpwTeivec Smad mou puBuilovrar amod
uttodoxeic axnuatifouv ouptrAoka peTall Toug kai £meita pe Tn Smad 4. O1 pwoypooepiveg TTpoadévovTal
oTh Paocikh Onkn Tng dopikNg Teploxhg MH2. Ta Tpipeph e1gépxovTal oToV TUPAVA WOTE va TpocdeBouv
oto DNA oto SBE. Ta oUpmAoka emiong deopclouv dAAe¢ mpwTeiveg Tmou deopeUovTal ae DNA kai
peTaypa@ikoUg oupmapdyovreg (6mwg via mapddeiypa tov p300).
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inactive receptor complex aclive receptor complex

2. PUBUION péow TTPWTEIVWY TTOU TGF-f} o
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) biﬁding domain (SBE) ]—b gene transcription
(PAI-1,c-fos, junB, Smad7)

transcriptional partners
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Smad-dependent TGF- Signaling Smad-independent TGF-f Signaling
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TGF-B O TGFp oTapatd Tov KUTTAPIKO
KUKAo (epmodilel To épaopa amo
Tnv G1 atnv S) péow dvo
pgovomaTiwy, Smad kKai hon-Smad.

Cytoplasm

a/ Méow Tn¢ evepyoToinong Twv

Smad emnpedlel, €ite dueoa €iTe

l péow Tn¢ PKA, yovidia trou
avaoTEAAOUV ToV KUTTAPIKO KUKAo. H

onpavTikoTepn dpdaon civai n

avaocToARn Tou yovidiou myc.

p/ Méow ThC evepyoToinong The
PP2A avaoTéAAel Tnv p70S6K, pia
KIvdon h oTroid €I0€pXETAI OTOV
TIUpAVA Kal TpowOei ToVv KUTTAPIKO
KUKAo amo Tn ¢don G1 otnv S. H
avaotoAr Tng p70S5K oTapard Tov
KUTTAPIKO KUKAO oTnv ¢don G1

vid1,23) |
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Status in human tumors:
Bl mutated / deleted / downregulated
= Amplified / overexpressed
| Unmodified / unknown

BMP O Activin O TGF-3 '

ACVR2 AIlk3 ACVR2 Alk4 TARII TPRRIAIKS

D D B

............t...................l...................

. Nucleus

Activin /TGF-p target genes
g

BMP target genes

Alerations of the different components of the TGF- superfamilly pathway in human cancer.
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G protein—coupled receptors (epinephrine, glucagon, serotonin)

Ligand @
asma membrane R = E —>
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) I

Receptor Inactive G Inactive effector Activated

protein signal- enzyme (adenylyl form of
transducing cyclase, phospho- G protein
protein lipase ¢, or others)

Active effector
generates "second
messengers” (CAMP;
inositol 1,4,5-
triphoshate;

lon-channel receptors (acetylcholine)

1 ?—diarvlg“gg;gl)

Ligand @

(c) Tyrosine kinase-linked receptors {erythropoietin, interferons)
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(transforming growth factor 3 )

Phosphorylated
substrate protein

Substrate protein

platelet-derived
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Puaikoi TPOCOETEC TWV TTUPNVIKWY UTTO00X EWV

Haq
OH OH C=0
Estradiol Testosterone Progesterone
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(from Vit D3)
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3, 5, 3’-L-triiodothyronine 9-cis-retinoic acid
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neuronal signals
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e CRH, GRH, TRH etc.
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11-B-OH-dehydrogenase

-

Cortisol
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—

Aldosterone

inactive

no binding to
aldosterone receptor

no modification

binding to aldosterone receptor possible
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Proteins
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Estrogen receptor (ER)

Progesterone receptor (PR)

Glucocorticoid receptor (GR)

Thyroid hormone receptor (TR)

Retinoic acid receptor (RAR)

General primary structure

Variable region DNA binding Hormone-binding
(=100-500 aa) domain (=68 aa)  domain (=225-285 aa)

Amino acid

identity 0 42-94% 15-57%
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2 AF-1 DNA binding . |
isoform-specific binding |- . ! Function
* Ay AF-2 1
Region
H3 H5 H11
c HARo Ser lle Val
RARR Ala lle Val
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Structural and functional organisation of the nuclear receptor superfamily
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consensus sequence of hexamer AGGTCA

a) 'inverted repeat’ —>

palindromic AGGTCA (Bp) ACTGGA
n

avTeoTpappévn emavdAnyn B —

n 0,1

b) ‘everted repeat’ 4—

ACTCEN AGGTCA
péoa-£€w emavaiAnyn (Bp) n

n=6.8

c) 'direct repeat’

receptor binding: RXR RAR, VDR, T R, PPAR

l l
dueon emavdAnyn e g

AGGTCA (B p)n AGGTCA



GRE

ERE

VDRE

TRE

RARE

5' AGAACA(N),
3’ TCTTGT(N),

5 AGGTCA(N),
3' TCCAGTI(N),

5 AGGTCA(N),
3' TCCAGT(N),

5 AGGTCA(N),
3' TCCAGT(N),

5 AGGTCAI(N),
3’ TCCAGT(N)g

TSITCT '3
ACAAGA &'

TGACCT 3
ACTGGA &’

AGGTCA 3’
TCCAGT 5’

AGGTCA 3’
TCCAGT 5’

AGGTCA 3’
TCCAGT 5’

hexamer AGGTCA

>

—>

ACCTCEA(BP), acTtcoa
n=0,1

4+ —>

ACTGGA (Bp) nAGGTCA

n==6.8

R)IR RAR, VDlR, T R, PPAR
_.>

AGGTCA (B p)n AGGTCA

n=1-5




Nuclear Receptor Family

Class |
Steroid
Receptors
C — e ()
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Class |l ‘
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RXR
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Heterodimers

Class Il
Dimeric
Orphan
Receptors
== O

ERa oestrogen

ERp oestrogen

GR glucocorticoid
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DNA binding domain Tou umodoxéa oioTpoydvwy
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‘Eva didypappa Twy duo dakTUAwy weudapyUpou (zinc fingers) kai h kapPofuTeAIKA
miepioxh (CTE: COOH-terminal extension). ZTouc ddkTUAOUC Yeudapyupou, 4
ouvthpnuéveg Cys auvdéovTal pe éva 16v Zn. Ta katdhoima Tou P box eumAékovTal oTh
di1dkpion Tou HRE, ev Ta katdAoitta Tou D box dnpioupyolv Thv emipdveia dipepiopov.
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Activation of Steroid Receptors
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PUBuion Tnc ékppaonc yovidiwv Héow akeTUAIwWONG TWV IGTOVWY
H akeTuAiwon Twy 10ToVWY eTiTeAEiTal amd ouvevepyomoinTéC (co-activators), Tou
éxouv dpdon akeTuAoTpavopepdong (HAT), evh n amakeTuAiwaon emiTeAEiTAl ATTO OUV-

katdoToAeig (co-repressors) mou £xouv dpdan amakuAdong (HDACS).
(Amo: P. J. Barnes, I. M. Adcock, How do corticosteroids work in asthma, Ann

Intern Med. 2003:139:359-370)

Repression COACTIVATORS Activation
gene silencing Histone acetyltransferases gene transcription
(e.g.. CBP, PCAF)

CO-REPRESSORS
Histone deacetylases
B (e.g.. HDAC1-13)

Transcription pol Il 1
factors mRNA FANA AL

Inflammatory
protein




Emaywyn ékppaong Corticosteroids

avTipAcypovwowy yovidiwv (high-dose)
aTmo Td KOPTIKOOTEPOEION. {a\D ‘

Ta KOPTIKOOTEPOEION

d1aTtepVoUV Thv HeUPpaAvn,

TPoodEVoVTdl O€

KUTTApoTtAdopaTiKoUg \

UTT000XEIG TWV Anti-Inflammatory

YAUKOKOPTIKOEIBWY, poteln  _ usnBEERNL,, GR

HETAPEPOVTAI OTOV TTUPAVA, "
dipepilovTal, mpoodévovTal oe
E10IKEC TTEPIOXEC, YVWOTEC WC “
GRE, Tou umokivnTA yovidiwv
AVTATIOKPIVOUEVWY O€

OTEPOEIDA, ETTAYOUV TV \/\ /
EVEPYOTIOINON TTAPAYOVTWY

6Ttwe, CBP ka1 PCAF, o1 omoior  MRNA
AKETUAILUVOUV TIC I0TOVEG Kdl
ETTAYOUV TNV HETAYPAPR TWV Anti-inflammatory
YoVvIdiwv TTou KwWOIKOTIo10UV gene
avTIPAEYHOVWOEIC TIPWTEIVEG




Inflammatory stimuli

(e.g.. IL-15, TNF-a) Corticosterolds
‘ (low-dose)
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2. uvpuBpioTéCc Twy TTupnvikwy YTodoxEwy

Ligand Induced Transcription
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a) Oikoyéveia p160
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p300 and CBP:

Transcriptional Coactivator Proteins

N-terminal Bromo Acetyl
region domain transferase CH3 Q-Rich
1 nr ET0 B850 107E 11 1T201TE3 1813 1980 2042 ST 128 M4
57% 90% wo oo 'aas'ﬁa Lo
1 114 M &M 1108 1167 1421 1757 1804 1853 2021 2050 2160 TEM4 244D
— | S— |
CREB E1A SRC
P/CAF
Pol Il Complexes
TFlIIB

Overall Identity 63%
Overall Similarity 75%

TTovTikia mou oTepoUvTarl TiI¢ CBP/p300 meBaivouv vwpic oTnv euppuoyéveon



Subcellular Localisation of Transcriptional Coactivators
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