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ALKT mutation => Clinical
symptoms of hereditary
hemorrhagic telangiectasia
(HHT) include (A) bleedings in
tongue and lower lip, (B)
arteriovenous malformations
(pulmonary angiogram is
shown), and (C) nasal
telangiectases (courtesy of Dr U
Geisthoff).

Cell Research (2009) 19:116

Roles of TGFp in cancer

. | Premalignant state

Tumeor-suppressive effects: cytostasis,
differentiation, apoptosis

Suppression of tumarigenic inflammation
Suppression of stroma-derived mitogens

Malignant progression
(Loss of tumor suppression)

...a pro udrzeni homeostazy

Evasion of immune surveillance
Autocrine mitogen production
Motility

Invasiveness and
dissemination

Epithelial-mesenchymal transition
Myofibroblast mobilization

Cancer cell priming for metastasis

Metastatic colonization

* Extravasation
Osteoclast mobilization

" Microenvironmental-modifying factors:
cytokines, proteases

Joan Massague, Cell 134, July 25, 2008

Placencio VR, Sharif-Afshar A-R, Li
X, et al. 2008. Stromal transforming
growth factor-beta signaling mediates
prostatic response to androgen
ablation by paracrine Wnt
activityTGF-beta responsiveness of
the stroma dictates prostatic
sensitivity to androgen ablation.
Cancer Res 68:4709-4718.

Li X, Placencio V, Iturregui JM, et al.
2008. Prostate tumor progression is
mediated by paraacrine TGF-
beta/Wnt3 a signaling axis. Oncogene
27:7118-30.



Signalova transdukce: zakladni
principy

http://www .ncbi.nlm.nih.gov/books/NBK21054/




Signalova transdukce: zakladni principy

prijem signalu
prenos signalu uvnitr bunky

zmena chovani (fenotypu) na
zaklade zpracovani signalu (u)
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‘ INTRACELLULAR SIGNALING PROTEINS

TARGET PROTEINS

Jednoducha intracelularni signalni draha aktivovana
vneéjsi signalni molekulou ovliviuje odpoved’ bunky.

? RECEPTOR PROTEIN

Signalni molekula
l vazba
receptor

l aktivace

Intracelularni signalni draha

Cilovy protein
(komplex proteini)

l

Zmena chovani
(fenotypu) burniky



Zakladni principy: signalni molekuly a jejich
receptory

RECEPTOR PROTEIN

~Bunky mohou komunikovat prostrednictvim rady riznych molekul

Priklady riznych signalnich molekul:
Proteiny, malé peptidy, aminokyseliny, retinoidy,
mastné kyseliny a jejich derivaty, plyny

»>Signalni molekuly jsou produkovany signalizujici burikou
»Bez ohledu na typ signalu odpovida cilova bunka pomoci
receptoru ktery specificky vaze signalni molekulu a iniciuje

viastni odpovéd-.




Zakladni principy: signalni molekuly a jejich

receptory

Extracelularni signal
-rozpoznan pomoci specifického receptoru.

hydrofilni: neprojde plazmatickou
membranou — vazba na povrchovy receptor

priklad: rustové faktory

hydroféobni: prochazi bunéénou
membranou a primo reguluje aktivitu
intracelularniho receptoru.

-transportovan pomoci nosice
priklad: steroidni hormony, vitamin D

cell-surface
receptor

hydrophilic signal
molecule

plasma membrane

@
o

carrier protein

intracellular receptor

small hydrophobic
/signal molecule
°

bunka

nucleus




Kazdy bunécny typ je
,,haprogramovan‘ odpovidat na specifickou
kombinaci signalnich molekul.

Typicka savcCi bunka je vystavena
:®_m - kombinaci stovek ruznych signalu

SO Kazda burika ma urdity set
ah receptoru
j@ Signalni molekuly mnohdy funguiji

v kombinaci s dalsimi

G
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Zakladni principy bunécne signalizace

Tri skupiny proteinovych povrchovych receptori:
sprazené s iontovymi kanaly
sprazené s G-proteiny
sprazené s enzymatickou aktivitou

(A) 1ON-CHANNEL-LINKED RECEPTORS (C)  ENZYME-LINKED RECEPTORS
signal molecule
o plasma '0”5 in form of a dimer

. signal molecule
o membrane “Clussg w

inactive catalytic active catalytic activated

(B) G-PROTEIN-LINKED RECEPTORS domain domain enzyme

signal molecule

Figure 15-15 part 2 of 2. Molecular Biology of the Cell, 4th Edition.

enzyme

activated

G protein activated enzyme
P G protein y

Figure 15-15 part 1 of 2. Molecular Biology of the Cell, 4th Edition.



Bunecne povrchove receptory

Pisobi jako prenaSece
signalu: vazou signalni
molekulu s vysokou
afinitou a konvertuji
tento extracelularni

signal a jednu nebo vice
intracelularnich Aktivovany

signalnich drah vedouci povrchovy receptor
k odpovédi na bunécné vy p
spousti kaskadu

urovni (zména fenotypu ’ )
atp.). fosforylaci vedouci k

prenosu signalu
bunkou az k jadru.




Receptory sprazené s iontovymi kanaly

voltage- ligand-gated ligand-gated  mechanically
gated (extracellular (intracellular gated
Ilgand) ligand)

- “ 1.
DG “ ,Q f%

Figure 11-21. Molecular Biology of the Cell, 4th Edition.




Receptory sprazene s G-proteiny

receptor protein  inactive G protein

EXTRACELLULAR
SPACE

: membrane
signal
molecule

CYTOSOL

EXTRACELLULAR SPACE
plasma

membrane
CYTOSOL

Figure 15-26. Molecular Biology of the Cell, 4th Edition.

(C)

activated
o subunit

By complex

Figure 15-28. Molecular Biology of the Cell, 4th Edition.



Receptory s tyrosin kinazovou aktivitou

-

v
transmembranové proteiny z Extracellular
doménou vazajici ligand na domain <
vnéjsSi strané a katalytickou Exter:
doménou na vnitini strané i N
bunecné membrany Transmembrane |

o helix

Vazba riustovych faktoru jako je - _
insulin, epidermalni rastovy Cytosol Kinase
faktor na extracelularni ¢ast catalytic
jejich receptoru vede k aktivaci Cytosolic site —
kinazové aktivity katalytické domiain: ™
domény receptoru a spousti
fosforylaci substrata
prenasejicich signal. \




Hlavni mechanismy prenosu signalti maji
podobné principy

Jak u tyrosin kinazové ’@ v@
signalizace tak u G-
proteiny zprostredkované )

. . . . 2, pd GEE
signalizace je signalni OFF
g je sig m(m @ (O

OFF

. ° » . ®
protein aktivovan
fosforylaci a deaktivovan ‘

defosforylaci.

(A) SIGNALING BY PHOSPHORYLATION  (B) SIGNALING BY GTP-BINDING PROTEIN

Figure 15-17. Molecular Biology of the Cell, 4th Edition.

Signaling by Signaling by
phosphorylation GTP-binding
protein




Cell adhesion receptors emit
signals

CANCER



Bunécna signalizace
vyzaduje jak
extracelularni signalni
molekuly tak
komplementarni set
bunéénych receptor
a intracelularnich
prenasecu

Vétsina signalnich
molekul je hydrofilni a
aktivuje povrchoveé
bunécné receptory

Signalova transdukce: shrnuti obecnych principu

Existuji tri hlavni
skupiny povrchovych
receptoru.

Precizné regulovana
kaskada fosforylaci
stimulovana aktivaci
receptoru vede k
prenosu signalu skrz
cytoplasmu do jadra.



Signalni molekuly - ligandy Receptory
-hydrofobni - specifické
-hydrofilni - intracelularni
- povrchové (extracelularni)

Receptory sprazené s iontovymi kanaly

RECEPTOR PROTEIN

ﬁ)

Receptory sprazené s G-proteiny

Receptory sprazené s enzymatickou aktivitou

INTRACELLULAR SIGNALING PROTEINS

b8

/1N

x . Cmz=f) TARGET PROTEINS

metabolic  gene regulatory  cytoskeletal
enzyme protein protein

R




Deregulace signalové transdukce

(A) cancer cell
normal cell © /,-z Y
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Transforming growth factor -3 (TGF-p)

Rl

TGF-$ rodina ~ TGF-gs, TGF\"*
activins, bone morphogenic

. RII J /
proteins (BMP) \ )\\A e
._ ""

TGF-p, *

e pleiotropni cytokin
e negativni regulator

Smad6 or

)
Smad7 N’

Smad2 or
Smad3

Cellular effects f

Differentiation
Growth inhibition
Deposition of

extracellular matrix
Apoptosis

Gene

transcription ‘.

Epstein, F.H., N Engl J Med 2000; 342:1350-1358, 2000
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Biologicke funkce TGF-f3

m Reguluje proliferaci, diferenciaci,
bunecnou smrt, motilitu, adhezi (v
zavislosti na bunecnem typu) =
ovlivhuje homeostazu,

m reguluje expresi extracelularni matrix;
— indukuje fibrilarni kolagen a fibronectin;

— inhibuje degradaci ECM (prostrednictvim
inhibice MMPs a indukce TIMPS).




Biologicke funkce TGF-f3

=  TGF-B1 knockout
— Multifocal inflammatory disease followed by a wasting syndrome

«  Multifocal infiltration of lymphocytes and macrophages into diverse organs.
Increased adhesion of mononuclear leukocytes (MLN) to extracellular matrix and
to endothelial cells in vitro. Blockage of MLN infiltration by synthetic fibronectin
peptides

* Decreased thymus size

« Enlargement of lymph nodes

« Elevated constitutive levels of IL-2 mRNA in the thymus
* Elevated IL-2r mRNA in lymph nodes

—  Cachexia
Death roughly 20 days after birth

=  TGF-B2 knockout

— Multi-organ defects (lung, heart, limb, craniofacial, spinal column, eye, inner ear,
urinary tract, genital tract)

— Perinatal mortality

http://www.bioscience.org/knockout/knochome.htm



Regulace riistu/proliferace a zrani/diferenciace hematopoetickych bunék
ptisobenim TGF-

Primitive slem/progenitor cell compartment

with capscity for sel! renewal
— ~——— Growitvproliteration
C/© —_— —— Maturationdifterentiation
| = =0

e _@©—
@ @

HPP-BFU-E BFU-MK CFU—GH

® ® @ J
A . b
I

N.O. Fortunel, A. Hatzfeld, J.A. Hatzfeld, Transforming growth factor-beta: pleiotropic role in
the regulation of hematopoiesis, Blood 96 (2000) 2022-2036.




Transforming growth factor-f3 family

m Historie

m Zastupci rodiny a jejich nejvyznamnegjsi
funkce

m Syntéza, produkce a aktivace

m Prenos signalu a jeho regulace
— receptory
— sekundarni prenaseci

— Lalternativni® drahy
— regulace genové exprese

m Role v rozvoji patologickych stavu




Historie TGF-[3

na konci 70. let byla identifikovana cela
fada rustovych faktoru;

bylo zrejme, Zze nadorove bunky se lisi od
normalnich bunek mmj. ve schopnosti
reagovat na nektere z nich;

Robert Holley (€B 1968) naznadil, ze
transformovane nebo nadorové burnky
unikaji z normalni rustové kontroly tim, Ze
potfebuji méné hormonu ¢i rustovych
faktoru;

Michael B. Sporn vyslovil v roce 1980
hypotézu o moznem podilu autokrinnich
faktort na bunécné transformaci




Endokrinni, autok

regulace
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Historie TGF-[3

NO
PHOTO
AVAILABLE

m Todaro a De Larco (1978) popsali
Jaktor® zpusobujici transformaci
normalnich bunek — pojmenovali ho

Proc. Natl. Acad. Sci. USA
Vol. 75, No. 8, pp. 4001-4005, August 1978
Microbiology

Growth factors from murine sarcoma virus-transformed cells
(epidermal growth factor/polypeptide hormones/cell transformation/radioreceptor assays)

JosepPH E. DE LARCO AND GEORGE J. TODARO

Lab y of Viral Carci is, National Cancer Institute, National i of Health, Bethesda, Maryland 20014

Communicated by David Baltimore, May 11, 1978




Historie TGF-[3

m A.B. Roberts a M.A. Anzano (1982)
prokazali, ze SGF neni jen jeden faktor

— Frakce indukujici malo kolonii a silné
kompetitivhi s EGF= TGF-a

— Frakce indukujici mnoho velkych kolonii a
bez kompetice s EGF = TGF-3

Cancer Res. 1982 Nov;42(11):4776-8.

Synergistic interaction of two classes of transforming
growth factors from murine sarcoma cells.

Anzano MA, Roberts AB, Meyers CA, Komoriya A,
Lamb LC, Smith JM, Sporn MB.




Historie TGF-[3

m Na zacatku 80. let byli vyvinuty metody
purifikace TGF-3

m V te tobe jiz bylo jasne, ze produkce
TGF-B neni nadorove specificka

m purifikace zejména z placenty, krevnich
destiCek a prasecich ledvin




Historie TGF-[3

= M.B. Sporn (1983) prokazal in vivo
schopnost TGF-3 podporovat tvorbu
kolagenu a vaskularizaci normalni tkane
behem hojeni

Science. 1983 Mar 18;219(4590):1329-31.

Polypeptide transforming growth factors isolated from
bovine sources and used for wound healing in vivo.

Sporn MB, Roberts AB, Shull JH, Smith JM, Ward JM,
Sodek J.




Historie TGF-[3

m Rik Derynck et al. (1985) naklonovali
TGF-

NATURE VOL. 316 22 AUGUST 1985 ARTICLES . 101

Human transforming growth factor-£
complementary DNA sequence and expression in
normal and transformed cells

Rik Derynck, Julie A. Jarrett, Ellson Y. Chen, Dennis H. Eaton, John R. Bell’,
Richard K. Assoian’, Anita B. Roberts’, Michael B. Sporn" & David V. Goeddel

Departments of Molecular Biology and * Protein Biochemistry, Genentech Inc., 460 Point San Bruno Boulevard,
South San Francisco, California 94080, USA
+ Laboratory of Chemoprevention, National Cancer Institute, Bethesda, Maryland 20205, USA




Historie TGF-[3

m Kathleen Flanders et al. (1988) vyvinula
protilatky proti specifickym epitopum
TGF-B a tim umoznil studium exprese In
VIVO

Transforming Growth Factor-G1: Histochemical
Localization with Antibodies to Different Epitopes

Kathleen C. Flanders, Nancy L. Thompson, David S. Cissel, Ellen Van Obberghen-Schilling,
Carl C. Baker,* Mary E. Kass,! Larry R. Ellingsworth,* Anita B. Roberts, and Michael B. Sporn
Laboratory of Chemoprevention and * Laboratory of Tumor Virus Biology, National Cancer Institute,

National Institutes of Health, Bethesda, Maryland 20892; # Connective Tissue Research Laboratory, Collagen Corporation,
Palo Alto, California 94303; and § Department of Pathology, Washington Hospital Center, Washington DC 20005




Historie TGF-[3

m Joan Massague (1985) detailnegji
charakterizoval receptory pro TGF-f3

THE JOURNAL OF BIOLOGICAL CHEMISTRY Vol. 260, No. 5, lssue of March 10, pp. 2636-2645, 1985
© 1985 by The American Society of Biological Chemists, Inc. Printed in US A.

Cellular Receptors for Type 8 Transforming Growth Factor
LIGAND BINDING AND AFFINITY LABELING IN HUMAN AND RODENT CELL LINES*

(Received for publication, August 6, 1984)

Joan Massagué and Betsy Like
From the Department of Biochemistry, University of Massachusetts Medical School, Worcester, Massachusetts 01605




Historie TGF-[3

m V letech 1992 a 1993 byly naklonovany
receptory pro TGF-f3

Cell, Vol. 68, 775-785, February 21, 1992, Copyright © 1992 by Cell Press

Expression Cloning of the TGF-§ Type Il Receptor,
a Functional Transmembrane Serine/Threonine Kinase

Herbert Y. Lin,*t Xiao-Fan Wang,*t Elinor Ng-Eaton,* TGF-p was originally described as a factor that induced

Robert A. Weinberg,"t and Harvey F. Lodish*t normal rat ki i fi i rin

“Whitehead Institute for Biomedical Research the presen|  Cell, Vol. 75, 881-692, November 19, 1993, Copyright © 1993 by Cell Press

Cambridge, Massachusetts 02142 1981). TG

tDepartment of Biclogy number of H

Massachusetts Institute of Technology Roberts an) CIonl ng Of a TGFB Type ' Receptor

Cambridge, Massachusetts 02139 TGF-B can That Forms a Heteromeric COmplex
with the TGFp Type Il Receptor
Petra Franzén, Peter ten Dijke, Hidenori Ichijo,* in morphogenesis, e.g., during different stages of develop-
Hidetoshi Yamashita, Peter Schulz, ment (Akhurst et al., 1991; Lyons et al., 1991).
Carl-Henrik Heldin, and Kohei Miyazono TGFps exert their effects through binding to specific cell
Ludwig Institute for Cancer Research surface receptors. By affinity labeling and cross-linking to
Biomedical Center radioiodinated TGFps, a number of TGFP receptars (or
S-751 24 Uppsala binding proteins) have been identified, including type | (53
Sweden kd), type Il (75 kd), and type lll receptors (or betaglycan

[300 kd]), which are found in most cells (for reviews see




Historie TGF-[3

m Objev intracelularnich pfenasecu signalu TGF- - v roce 1995
na Drosophila melanogaster a v roce 1996 na Caenorhabditis
elegans.

Proc. Natl. Acad. Sci. USA
Vol. 93, pp. 790-794, January 1996
Developmental Biology

Caenorhabditis elegans genes sma-2, sma-3, and sma-4 define a
conserved family of transforming growth factor 8
pathway components

(signal transduction/pattern for ion/bone morphogenetic protein/multigene family)

CATHY SAVAGE*, PRADEEP DAs*, ALYCE L. FINELLI*, ScOTT R. TOWNSEND*, CHING-YU SUNT, ScoOTT E. BAIRD¥,
AND RICHARD W. PADGETT*§

*Waksman Institute and Department of Molecular Biology and Biochemistry, Rutgers University, Piscataway, NJ 08855-0759; TDepartment of Biological Sciences,
University of Pittsburgh, Pittsburgh, PA 15260; and ¥Department of Biological Sciences, Wright State University, Dayton, OH 45435

Communicated by Clyde A. Hutchison II1, University of North Carolina, Chapel Hill, NC, September 15, 1995 (received for review
August 11, 1995)

Copyright © 1995 by the Genetics Society of America

Genetic Characterization and Cloning of Mothers against dpp, a Gene
Required for decapentaplegic Function in Drosophila melanogaster

eff J. Sekelsky,' Stuart J. Newfeld, Laurel A. Raftery,? Elena H. Chartoff and William M. Gelbart
ry.

The Biological Laboratories, Harvard University
Cambridge, Massachusetts 02138

Manuscript received September 23, 1994
Accepted for publication December 7, 1994




Historie TGF-[3

m Jeffrey Wrana, Lilana Attisano a Joan
Massague (1994) — popis aktivace receptoru

Mechanism of activation of the
TGF-p receptor

Jeffrey L. Wrana, I;Illana Attisano, Rotraud Wieser, Francesc Ventura
& Joan Massagueé

Howard Hughes Medical Institute and Cell Biology and Genetics Program, Memorial Sloan-Kettering Cancer Center,
New York, New York 10021, USA

NATURE + VOL 370 - 4 AUGUST 1994




Historie TGF-[3

m Mad (mothers against decapentaplegic)
+ Sma = SMAD

Cell, Vol. 87, 173, October 18, 1996, Copyright ©1996 by Cell Press

Nomenclature: Vertebrate
Mediators of TGF3 Family
Signals

Rik Derynck,' William M. Gelbart,?

Richard M. Harland,® Carl-Henrik Heldin,!

Scott E. Kern,’ Joan Massagué,®” Douglas A. Melton,2’
Marek Mlodzik? Richard W. Padgett,®

Anita B. Roberts," Jim Smith,'" Gerald H. Thomsen,*
Bert Vogelstein,’*? and Xiao-Fan Wang,"




Transforming growth factor-[3

m Zastupci rodiny a jejich nejvyznamnejsi
funkce




TGF-[3 rodina

m vice nez 60 proteinu
— Transformuijici rustové faktory — § (TGF-3)
— Activin(y)

— Bone Morphogenetic Proteins (BMP);
Growth/Differentiation Factors (GDF)




91 [ 3
9 Myostatin/GDF8 (h)

TGF- rodina . e

TGFB1 (h)
Inhbin BB (h)
% Inhbin BA (h)

— 1
9

— Inhibin BD (X)

& % Xnr1 (X)
- 64 Xnr5 (X)

Fugacin (X)
8 — Nodal (h)

10— GDF10/BMP3b (h)
| BMP3/osteogenin (h)
L ADMP (X)

e GDF5/CDMP1 (h)

79 70 GDF6/CDMP2/BMP13 (m)

75 Ij GDF2 (h)

BMP10 (h)

| ga— BMP5 (h)

o o ;'OFE BMP7/OP1 (h)
| | 9 BMP6/Vgri (h)

9 BMP8/OP2 (h)

50 Ii 60A (D)
52[ BMP4 (h)
98

L BMP2 (h)
63 l_— Vg1 (X)
56 derriere (X)
GDF1 (h)
GDF3/Vgr2 (h)

_59|:BMP1 5/GDF9b (h)
66

GDF9 (h)

-~

85

Screw (D)

Decapentaplegic (D)

71

80

Inhibin o (h)

Placental TGF (h)
AMH/MIS (h)

| I—
0.1 substitutions/site

Genes to Cells (2002) 7, 1191-1204



TGF-[3 rodina

B Bone Morphogenetic Proteins (BMP)

— klicové faktory pro vyvoj kosti a chrupavek, ale i dalsi funkce.

BMP Funkce Genovy lokus
BMP1 Nenalezi do TGF-f rodiny. Metaloproteinasa. 8p21
BMP2 Indukuje vyvoj kosti a chrupavek; kliCovy regulator 20p12
diferenciace osteoblastu.
BMP3 Indukuje tvorbu kosti. 14p22
BMP4 Reguluje tvorbu zubu, koncetin a kosti z mesodermu; 14q22-923
ovliviuje hojeni zlomenin.
BMP5S Uloha pfi tvorbé& chrupavek. 6p12.1
BMP6 Dulezity pro funkci klouba. 6p12.1
BMP7 Klicovy faktor diferenciace osteoblastu a vyvoje ledvin. 20913
BMP8a Reguluje vyvoj kosti a chrupavek. 1p35-p32
BMPS8b Exprimovan v hipokampu. 1p35-p32
BMP10 ? Vyvoj srdce. 2p14
BMP15 ?Vyvoj oocytl a folykuld. Xp11.2

Chen, Di, Zhao, Ming, and Mundy, Gregory R. (2004). "Bone Morphogenetic Proteins". Growth Factors 22 (4): 233-241




TGF-[3 rodina

m Growth/Differentiation Factors (GDF)
— faktory podobné BMP

GDF Funkce Genovy lokus

GDF1 Regulator vyvoje levo-pravé asymetrie béhem 19p12
embryogeneze.

GDF2 Indukuje cholinergni fenotyp. Chr.10
GDF3 ? 12p13.1
GDF5 Dulezity pro vyvoj kosti a kloubd. 20911.2
GDF6 Dulezity pro vyvoj kosti a kloubd. Chr. 8
GDF7 Dulezity pro vyvoj kosti a kloubd. Chr. 2
GDF8 Myostatin; regulator funkce kosterniho svalstva. 2q32.2

Negativni regulator svalového rustu.

GDF9 Exprese v oocytech béhem folikulogeneze. Chr. 5
GDF10 BMP3b; kontroluje endochondralni osifikaci Chr. 28
GDF11 Dulezity pfi vyvoji patére. 12913.13
GDF15 Vysoka exprese v placenté; indukovany NSAIDs; 19p13.2-p13.1

inhibitor karcinogeneze; induktor apoptozy ?




TGF-[3 rodina

= Activin(y)

— dimerické proteiny regulujici syntézu a sekreci FSH a
regulujici menstruacni cyklus, ale také imunitni a nervovy
systém; dulezité faktory pfi tvorbé kuze a hojeni ran;

— dimer obsahuje dve identické 3 podjednotky a dve 3
podjednotky inhibin(u) (A nebo B);

— Activin A (BABA);
— Activin B (BBBB);
— Activin AB (BABB).

m |nhibin(y)
— Inhibuje produkci FSH;

- — dimer o a B podjednotky
(A nebo B)

Sulyok, S., Wankell, M., Alzheimer, C., and Werner, S. Activin: an important regulator of
wound repair, fibrosis, and neuroprotection. Mol. Cell. Endocrinol., 225: 127-132, 2004.




— TGF-B1 (Chr. 19)
— TGF-B2 (Chr. 1)
— TGF-B3 (Chr. 14)

— 76-80% homologie

TGF-3 rodina
m Transformuijici rustoveé faktory — 3
— dulezité faktory ridici embryogenezi, diferenciaci,
tkanovou regeneraci, ale i rozvoj rady onemocneni
B



Transforming growth factor-[3

m Syntéeza, produkce a aktivace




Synt¢za a sekrece TGF-[3

m Syntetizovan a sekretovan v podobe
latentniho komplexu

m asociovany s Latency Associated
Peptide (LAP) = small latent complex;

m LAP dimer spolu s TGF-3 dimerem je
kovalentne vazan na Latent TGF-[3

Binding Protein (LTBP) = large latent
complex




Synteza a sekrece TGF-[3

1 30 279 390
NH2

Signal
peptide l

NHZ T COOH Pro-TGF-l
+ TGFpB1

LAP
endopeptidase
Active
LTBP TGF-B1
|
—» —> ‘3’ —> 8

Secretion Release

COOH Pre-pro-TGF-p1

@)}

SLC LLC

Available online at

IJBCB

wwwelsevier.comlocate/biovel

i
ELSEVIER The Intemational Journal of Biochemismy & Cell Biology 36 (2004) 1161-1165

Molecules in focus

Mammalian transforming growth factor-Bs: Smad
signaling and physio-pathological roles

hine laud, Alain Mauviel*




Syntéza a sekrece TGF-[3

LAP dimer

¥ ¥

Putative ECM

Hinge region interacting region
inge reg

wg» R-Cys repeat
‘...~ Hybrid domain
1 Ca” binding EGF-like repeat
B Non-Ca” binding EGF-like repeat

Latency, Activation, and Binding Proteins of TGF-$3
KATRI KOLL* JUHA SAHARINEN, MARKO HYYTIAINEN, CARITA PENTTINEN, axp JORMA KESKI-OJA
Departments of Virology and Pathology, Haartman Institute, University of Helsinki, FIN-00014 Helsinki, Finland

MICROSCOPY RESEARCH AND TECHNIQUE 52:354-362 (2001)



Synteza a sekrece a aktivace TGF-[3
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Transcriptional regulation

The other side of TGF-} superfamily of downstream genes

signal regulation: thinking outside

the cell

TinaL.Gumienny and Richard W. Padgett

(including repressors)

TRENDS in Endocrinology & Metabolism



Aktivace TGF-f3

m  Fyzikalné-chemicky
— v kyselém mikroprostfedi bunék
— extrémnimi zménami pH
— yzafenim
— reaktivnimi skupinami kysliku
— zvySenou teplotou

m  Enzymaticky a prostrednictvim nespecifickych proteinovych interakci
— Proteazy
* Plasmin, Catepsin G
+ Calpain
— MMP-9 a MMP-2
— Glykosidazy
— Interakce s trombospondinem
— Interakce s integrinem o, 3¢




Transforming growth factor-[3

m Prenos signalu a jeho regulace
— receptory
— sekundarni prenaseci
— ,alternativni® drahy
— regulace genove exprese




Prenos signalu TGF-[3

| TGF-B
+— TGF-Breceptor

I Plasma membrane

ATP ADP

Nuclear pore
complex

Nuclear membrane

Ubiquitination
and
degradation

Massague J. Nat. Rev. Mol. Biol. 2000



Transforming growth factor-[3

m Prenos signalu a jeho regulace
— receptory
— sekundarni prenaseci




Receptory TGF-3 rodiny

Ty Ligand Type | receptor family
- ActR-IB
{—O— Ty
= ACtR-II %(
ActR-IIB ALK7
Punt? I|GS ATR-ID
- BMPR-IA
BMPR-II ...TTSGSGSGLP... EMPRAB
© pMr A A ®
AMAR 2. ivati %) ALK1
Daf-4C © Actlvatlng_ o R
£ | phosphorylations =
X X saxP
FKBP12 TkvD
— binding site Daf-1C

Accesory Receptors — Type lll: betaglycan, endoglin

Massague J. Annu. Rev. Biochem. 1998. 67: 753-91



R-SMAD

Ligand Rl RI R-Smad
activation

TGFE-31 g : e -
TGFp2 w Smad3
\EH‘HEH‘\Mm‘m‘mﬂ\m“ i I S HEAEI MR GO e e e

ActRIB Smad?2
ALK7 Smad3

Activin
Lefty

ActRII
ActRIIB

4
BMPZ/ -

BMP6 n 1" BMPRIA Smad5
\:wawm{‘ p? . BMPHIE WM!\MW%W

_

MISRII

Annu. Rev. Cell. Dev. Biol. 2005. 21: 659-93




SMAD

Receptor-requlated SMADs

Receptor
Smads 1, 5, 8 kinase
Smads 2, 3 ®
Mad (Drosophila) IMH1| | MH2 |-S || ] s
| Sma 2, 3 (C. elegans)
Co-SMADs
— Smad 4 I | | I | Transcription

Medea (Drosophila)
Sma-4 (C. elegans)

Antagonistic SMADs

—{—— Smads 6, 7
Dad (Drosophila)

Massague J. Annu. Rev. Biochem. 1998. 67: 753-91



Transforming growth factor-[3

m Prenos signalu a jeho regulace

— ,alternativni” drahy
—regulace genové exprese




Prenos signalu nezavisly na SMAD

o

TRIP1 FKBP12

Nature 425 (2003) 577-584




Growth
factor
receptor

Growth - O

factor

Ubiquitination
and
degradation

‘“()

- TGF-B
+— TGF-B receptor

Plasma membrane

XIAP HPK1

TAK1

Ll
L

’,‘- (

{
®
(Illllllllll

Cytokme

Cytoklne
| receptor

®

Nuclear pore
complex

Massague J. Nat. Rev. Mol. Biol. 2000



Regulace transkripce

Sequence-specific
transcription factors
AP-1/bZIP
AML/Runx
bHLH
Homeodomain
Sp1
Winged helix Co-repressors
Intracellular receptors - X c-Ski/SnoN
c-Myc
i : Evi1
Coactivators Coactivator/ ATF3
CBP/p300 repressor TGIF
SMIF
MSGH TBP/TAFs Pol Il gll:’I::H
ARC105 — B ‘—* Tob

Nature 425 (2003) 577-584




Kofaktory

Cofactor Target Function
4\ OAZ Vent.2 Ventral mesoderm specification by BMP in Xenopus
g'gg SMAD1,| CBFA1? Osteocalcin? Osteoblast differentiation by BMP in human, mouse
inputs /|MAD Tinman  Tinman Visceral mesoderm formation by Dpp in Drosophila
/ CREB Ubx Endoderm formation by Dpp in Drosophila
. FAST Mix.2 Mesoderm specification by Nodal in Xenopus
TGF-B.\ Nodal, Lefty2 Left plate mesoderm formation by Nodal in mouse
Nodal, SMAD2 3| Mixer Goosecoid  Anterior mesoderm induction by Nodal in mouse
Activin ; . :
inputs / TEE3 PAI-1 Plasminogen system control by TGF-f in human, mouse
CBFA3  IgA Immunoglobulin A class switching by TGF-B in human
Jun c-Fos Diverse TGF-B responses
Lef1/TCF Xtwn Mesoendoderm differentiation by Nodal in Xenopus

Massague J. Nat. Rev. Mol. Biol. 2000



Inhibice proliferace u epitelialnich

bunck
| spi [
—F«:’m p21 Cip?
TGFR
necapior _rw Sp1 l"
«l)‘ p15inkdb
R-m":d‘ —F«I; '4;27 c-myc JI:’
-
-
_.r'«rTFs Id1

st

Id2

Carcinogenesis vol.27 no.11 pp.2148-2156, 2006
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Pathway regulators

Ligand— 2

receptor E— SMAD proteins and signalling cofactors
complex

Partner transcription factors

= or _ 10

4 Epigenetic status

b Determinants
| 1

Signal transduction Transcription Epigenetic status
Ligand isoforms Pluripotency factors Heterochromatin
Ligand traps Lineage regulators Pluripotency marks
Co-receptors DNA-binding cofactors Lineage marks
Receptor subtypes HATs and HDACs EMT marks
Inhibitory SMAD proteins ~ SWI/SNF iPS cell marks
Crosstalk inputs Chromatin readers Oncogenic marks

TGFp signalling in context

Joan Massagué
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Signalova transdukce TGF-[3
rodiny

| TGF Superfamily |

Drosophila Xenopus Mammalian
Dpp, Screw BMP TGFB
L ]

N N

Determines dorsoventral Cell cycle
cell fates in control
embryogeneis




Shrnuti prednasky I.

m  TGF-B rodina zahrnuje fadu multifunkénich proteinu.

m Prfenos signalu je intracelularné prenasen SMAD proteiny, ale
interaguje s fadou dalSich signalnich drah.

m  Pusobeni TGF-j je zavislé na bunééném typu a také pfitomnosti
dalSich faktoru.

Na konci dneSni prednasky byste méli:

1. rozumét zakladnim principlim pienosu signalu;
2. znat zakladni zastupce a funkce proteintit TGF-f rodiny;
3. umét popsat prenos signdlu ktery zavisi na SMAD.




Transformuyjici rustovy faktor — [3:
rozmanitost prenosu signélu a funkce

cast
TN AR w

Karel Soucek

Bi6051 Molekularni fyziologie zivocichu



Transforming growth factor -3 (TGF-p)

Rl

TGF-$ rodina ~ TGF-gs, TGF\"*
activins, bone morphogenic

. RII J /
proteins (BMP) \ )\\A e
._ ""

TGF-p, *

e pleiotropni cytokin
e negativni regulator

Smad6 or

)
Smad7 N’

Smad2 or
Smad3

Cellular effects f

Differentiation
Growth inhibition
Deposition of

extracellular matrix
Apoptosis

Gene

transcription ‘.

Epstein, F.H., N Engl J Med 2000; 342:1350-1358, 2000



Growth factors 1n cancer cell
signaling

m cancer is not single cell disease;

= tissue microenvironment plays an important
role in tumor initiation and progression;

m growth factors - cytokines - play crucial role
In cancer development and some of them
belong to the significant
autocrine/paracrine factors produced by
various cell types in tumor microenvironment;

= modulation of their signal transduction
represent potential target for therapy.




Growth factors 1n cancer cell
signaling

m What is a role of TGF-$3 family cytokines
In cancer progression?

m How we can effectively modify

pathological plasticity of the cancer
cells?




Figure 14.1 The Biology of Cancer (© Garland Science 2007)
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Figure 14.3 The Biology of Cancer (© Garland Science 2007)
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Figure 14.4 The Biology of Cancer (© Garland Science 2007)
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Genetic determinants of cancer
metastasis

Deon X. Nguyen and Joan Massagué

Tumorigenic genes Metastasis initiation genes

Metastasis progression genes

NN

= Proliferative autonomy » Detachment « Survival in circulation

« Genomic instabiity « Motility « Embolism

» Self-renewal * Invasion « Capillary adhesion

« Evasion of death » Marrow progenitor-cell « Extravasation

» Evasion of cytostasis recruitment « Adaption to new environment
= Evasion of immunity = Angiogenesis » Emergence from dormancy

» Resistance to hypoxia * Intravasation » Organ-specific colonization

/ oy Dormant
g micrometastasis
- ‘1
-
%" S,

Extravasation

| s
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Figure 14.42 The Biology of Cancer (© Garland Science 2007)
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Cell 133, 6677, April 4, 2008

TGFB Primes Breast Tumors
for Lung Metastasis Seeding
through Angiopoietin-like 4

David Padua,' Xiang H.-F. Zhang," Qiongqing Wang," Cristina Nadal,® William L. Gerald,2 Roger R. Gomis,*
and Joan Massagué'3*
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LETTERS

Genes that mediate breast cancer metastasis
to the brain

PaulaD. Bos', Xiang H.-F. Zhang', Cristina Nadal'{, Weiping Shu', Roger R. Gomis'{, Don X. Nguyen', Andy J. Minn?,
Marc J. van de Vijver’, William L. Gerald®, John A. Foekens® & Joan Massagué'®
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Transforming growth factor-[3

m Role v rozvoji patologickych stavu




Biologicke funkce TGF-f3

m Hraje klicovou ulohu behem embryogeneze,;

m requluje proliferaci, diferenciaci, bunécnou
smrt, motilitu, adhezi (v zavislosti na
bunécném typu) = ovliviiuje homeostazu;

m reguluje expresi extracelularni matrix;

— indukuje fibrilarni kolagen a fibronectin;

— inhibuje degradaci ECM (inhibici MMPs a indukci
TIMPs).




Role TGF-P3 v rozvoji patologickych
stavu

m Fibréza

— deregulace exprese ECM
prostfednictvim indukce proliferace
fibroblastu a jejich
myofibroblastoveho fenotypu.

m Nadorova onemocnéni

— ztrata citlivosti epitelialnich bunéek k
inhibiénimu pusobeni TGF-[3;
— Indukce angiogeneze.




Role TGF-[3 v carcinogenezi

TGF-g TGF-8 Endoglin Type ll Type | Smad2 Smad4
signaling receptors receptors
component
Cancers Increased ex- Colorectal (30%) | Breast (16%) Colorectal (11%) | Pancreatic (50%)
somatic mutations pression leads Gastric (15%) Pancreatic Lung (7%) Colorectal (30%)
( ; to enhanced Endometrial Biliary Hepatocellular Lung (10%)
invasion and Prostate Cervical Breast
metastasis Breast Chronic lympho- Prostate
Lung cytic leukemia Ovarian
Hepatic Head and neck
Pancreatic Esophageal
Cervical Gastric
Glioma Bladder
Head and neck Hepatocellular
Renal cell
Other diseases Fibrosis Hereditary Atherosclerosis Familial juvenile

(germ-line mutations
or polymorphisms)

Hypertension
Osteoporosis
Atherosclerosis

hemorrhagic
telangiectasia

polyposis

NEIM 342, 18 (2000) 1350-1358




Role TGF-[3 v carcinogenezi

SMAD3 TGFBR?2
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Role TGF-f3 v carcinogenezi
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NEJM 342, 18 (2000) 1350-1358



Role TGF-3 v carcinogenezi
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Epithelial-Mesenchymal Transition
(EMT)

m Zmena bunécnéeho fenotypu spojena
se ztratou adheze a zvysenim
motility




EMT & Cancer
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Figure 14.17b The Biology of Cancer (© Garland Science 2007)



Epithelial-to-mesenchymal transition
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Markers and regulators
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TGF-B

Transcription
factor

Snail family
Snail1
Snail2
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Occludin
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Plakophilin
Crumbs3

: Cytokeratins :

Fibronectin
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Transforming growth factor-3 (TGF-[3)
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Jian Xu, Samy Lamouille, Rik Derynck

Cell Research (2009) 19:156-172.
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Enlarged prostate/BPH

ESTABLISHMENT AND CHARACTERIZATION OF AN IMMORTALIZED BUT
NON-TRANSFORMED HUMAN PROSTATE EPITHELIAL CELL LINE: BPH-1

S. W. HAYWARD, R. DAHIYA, G. R. CUNHA, J. BARTEK, N. DESHPANDE, aso P. NARAYAN

e nt

BPH — BPH-1

Experimental approach

Malignant Transformation in a Nontumorigenic Human Prostatic Epithelial
Cell Line'

Simon W. Hayward,® Yuzhuo Wang, Mei Cao, Yun Kit Hom, Baohui Zhang, Gary D. Grossfeld, Daniel Sudilovsky,
and Gerald R. Cunha
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Dvoji uloha TGF-3 v carcinogenezi

m Deregulace inhibice proliferace
epitelialnich bunek;

m Epithelia-mesenchymal transition

m podpora migrace, metastazovani a
angiogeneze.




Role TGF-3 v diagnoze, prognoze a 1éCbe

m Vysoka serova hladina TGF-1 je spojena s
nadory tlustého streva, prostaty a rozvojem
fibrozy;

m polymorfismus genu pro TGF-1 vedouci k
jeho zvysene produkci urcuje predispozici k
fibroze, hypertenzi a osteoporéze;

m blokovani produkce a aktivity TGF-3 ma velky
potencial pro leCbu fibrozy;

m protektivni ucinek retinoidu a vitaminu D3

iy muze byt zpusoben prostirednictvim TGF-p.




GDF-15: nddorovy promotor nebo
supresor?




Proc. Nail. Acad. Sci. USA
Vol. 94, Fp. 1151411519, October 1997
Immunology, Cell Biology

MIC-1, a novel macrophage inhibitory cytokine, is a divergent
member of the TGF-f superfamily

MicHELLE R. Boorcov*T, ASNE R. BAUSKIN*T, STELLA M. VALENZUELA*, ANTHONY G. MOORE*,

MoOHINDER BANsSAL*, X1A0 YAN HE*, HONG PING ZHANG*, MELISSA DONNELLAN*, STEPHEN MAHLERY,
KIMBERLEY PRYOR*, BRADLEY J. WALSH*, RICHARD C. NicHOLSON*, W. DouGLAs FAIRLIE*, SUZANNE B. PORr*,
JoAN M. RoBBINS*, AND SAMUEL N. BREIT*$

*Centre for Immunology, St. Vincent's Hospital, and University of New South Wales, Sydney, 2010, Australia; and *Department of Biotechnology, University of
New South Wales, Sydney, 2010, Australia
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GDF-15 v patologickych stavech

GDF15

Anemia

* Thalassemia
* Congenital dyserythropoietic
anemia type 1
* Refractory anemia with ring
sideroblasts

Cardiovascular event

* Atherosclerosis
e Chronic heart failure

e Acute pulmonary
thrombosis

* Idiopathic pulmonary GENERAL 5 )
arterial hypertension MARKER OF * Pyruvate kinase deficiency
DISEASE AND
MORTALITY

Tumor

* Prostate cancer
* Colorectal cancer \
* Gastric cancer
* Breast cancer
* Ovarian and endometrial cancers
¢ Oral squamous carcinoma

Other

* Renal deficiency
* Rheumatoid arthritis
* Diabetes

g GDF 15 and Cancer J

Pro-tumoral activity
-proliferation and

survival
-chemoprotection
-survival
-angiogenesis
-migration

-bone lysis
-immunomodulation

STEM CELLS ‘
TRANSLATIONAL MEDICINE TISSUE-SPECIFIC PROGENITOR AND STEM CELLS

.
Concise Review: Growth Differentiation Factor 15 in
Pathology: A Clinical Role?

JiLL CORRE, ™™ Bensamin HEBRAUD,™® PHILIPPE BOURIN®

Anti-tumoral
activity

- growth arrest
-apoptosis




&DF15 gene

Homo sapiens

chromosome 19 [ pi33 pl3.2 p1311 pl2 e ql2 ql3.2

“l

Pan troglodytes
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Mus musculus
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[ |

Rattus norvegicus
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GDF-15: mezidruhova podobnost proteinu

Euteleostomi (~420 My ago)

Human - Chr:19

Chimpanzee - Chr:19

Orangutan - Chr:19

Guinea pig - scaffold_72

Mouse - Chr:8

Rat- Chr:16

Sheep - Chr5

Cow-Chr.7
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Giant Panda - Chr:GL192348.1
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Elephant - scaffold_26
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Control of GDF15 expression

chr19:18,337 085 ' 18,367,085

p53
PPAR-gammal | [l | | I
PPAR-gamma2 | [l | | |
NF-kappaB1 |
Arnt [
AP-1 | [ Il
c-Jun | | [ I | |
C/EBPbeta [ 11 [
ATF-2 | Il
CRE-BP1 I

Legend: [ Transcription start site of GDF1S | Transcription factor binding site
Scale: ., 670bp

fl SABiosciences”




GDF-15 regulation

Cellular stress signals
(oxidative stress, hypoxia, anoxia),
Light signal,
Inflammation,

Cancer progression,
Chemotherapeutic drugs

HIF-1a

P53 tumor TNF-a

‘"‘""";5\\./ /é L,

i ¢ ol MiC-1 Androgens
expression { (a-DHT)

=\ e

Activated Host Serum
macrophage tumor Cancer

o - \
|

Diagnostic and
Molecular therapeutic target prognostic
in cancer treatment biomarker

M, Mimeualt, JCP 2010
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Qoncomine

&DF15 mRNA
normal vs. prostate adenocarcinoma
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Varambally, S. et al., Cancer cel/8 (5), 393 (2005).




Various forms of GDF-15

pro-GDF-15 monomer ~40kDa

| pro-GDF-15 dimer ~80kDa

| pro-GDF-15 hemidimer ~55kDa

propeptide ~28kDa

j | mature GDF-15 dimer ~30kDa

Bauskin AR, Zhang HP, Fairlie WD, He XY, Russell PK,
Moore AG, et al. The propeptide of macrophage
inhibitory cytokine (MIC-1), a TGF-beta superfamily mature GDF-15 monomer ~15kDa
member, acts as a quality control determinant for
correctly folded MIC-1. EMBO J 2000;19:2212-20.




AUMAN PROTEIN ATLASI

Normal Tissues - [HC

alph. sort order

Adrenal gland
Appendix

Bone marrow
Breast
Bronchus
Cerebellum

Cerebral cortex
Cervix, uterine

Colon
Corpus, uterine 1

Corpus, uterine 2

Duodenum
Epididymis
Esophagus

Fallopian tube
Gall bladder

Heart muscle

Hippocampus

Kidney

cortical cells
glandular cells £
lymphoid tissue
bone marrow poietic cells jyg
glandular cells
respiratory epithelial cells
cells in granular layer
cells in molecular layer (-
purkinje cells
glial cells &
neuronal cells
glandular cells (g
squamous epithelial cells [
glandular cells g
cells in endometrial stroma ~~
glandular cells o
cells in endometrial stroma (~
glandular cells f
glandular cells ()
glandular cells 5
squamous epithelial cells
glandular cells &
glandular cells {
myocytes -
glial cells ﬁr\
neuronal cells rT\
cells in glomeruli N7,
cells in tubules
glial cells
neuronal cells N
bile duct cells T’»
hepatocytes
alveolar cells é

macrophages f-

Lymph node

Nasopharynx

Oral mucosa
Ovary

Pancreas

Parathyroid gland

Placenta

Prostate
Rectum
Salivary gland
Seminal vesicle
Skeletal muscle
Skin

Small intestine
Smooth muscle
Soft tissue 1
Soft tissue 2
Spleen

Stomach 1

Stomach 2
Testis

Ihyroid gland

Tonsil

Urinary bladder
Vagina
Vulva/anal skin

lymphoid cells outside reaction centra

reaction center cells

respiratory epithelial cells

squamous epithelial cells (-

follicle cells

ovarian stromal cells
exocrine glandular cells
islet cells

glandular cells
decidual cells
frophoblastic cells
glandular cells
glandular cells
glandular cells
glandular cells

adnexal cells

epidermal cells

glandular cells

smooth muscle cells
mesenchymal cells
mesenchymal cells

cells in red pulp

cells in white pulp
glandular cells

glandular cells

cells in seminiferus ducts
leydig cells

glandular cells

lymphoid cells outside reaction centra
reaction center cells
squamous epithelial cells
urothelial cells

squamous epithelial cells
squamous epithelial cells
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GDF-15 Concentration Reference
Normal 450 + 50 pg/ml Tanno, T. et al., Nat Med 13 (9), 1096
- (2007)
beta-thalassemia 66,000 + 9,600 pg/ml
syndrome
CSF - non-neoplastic 156 pg/m Sophie Shnaper et al., International
. Journal of Cancer in press (2009).
CSF - gliosblastoma 229 pg/ml
normal 495 pg/mi Brown, D. A. et al., Clin Cancer Res 9 (7), 2642
2003).
Adenomatous polyps 681 pg/mi ( )
High-grade dysplasia 1114 pg/ml
colorectal carcinoma 783 pg/mi

Congenital 10 239 + 3049 pg/ml Tamary, H. et al., Blood 112 (13), 5241
dyserythropoietic (2008).
anemia
Normal 16.1 + 23.4 pg/mi Baek, K. E. et al., Clinica Chimica Acta 401

Gastric cancer

164.5 + 183.7 pg/ml

(1-2), 128 (2009).

Prostate cancer 2,326.1 pg/ml Selander, K. S. et al., Cancer Epidemiology
Grade 3 Biomarkers & Prevention 16 (3), 532
(2007).
Prostate cancer 2,054.1 pg/ml
Grade 2
Prostate cancer 761.5 pg/ml
Grade 1
normal 859 + 619 pg/ml Brown, D. A. et al., Clin Cancer Res 12 (1), 89
(2006).
BPH 983 + 850 pg/ml

Prostate cancer

731 + 500 pg/mL

Women with 618 pg/mL
cardiovascular events
Women w/o 538 pg/mL

cardiovascular events

Brown, D. A. et al., The Lancet 359
(9324), 2159 (2002).
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ORIGINAL ARTICLE
Overexpression of macrophage inhibitory cytokine-1 induces metastasis of
human prostate cancer cells through the FAK—-RhoA signaling pathway

S Senapati', S Rachagani', K Chaudhary', SL Johansson™, RK Singh** and SK Batra"’

'Department of Biochemistry and Molecular Biology, University of Nebraska Medical Center, Omaha, NE, USA; * Pathology and
Microbiology, University of Nebraska Medical Center, Omaha, NE, USA and ’Eppley Institute for Research in Cancer and Allied
Diseases, University of Nebraska Medical Center, Omaha, NE, USA




Shrnuti prednasky II.

m  TGF-p hraje vyznamnou roli v rozvoji karcinogeneze a dalSich
patologickych stavu.

m  EMT je vyznamny proces ovlivhujici schopnost nadorovych bunék
diseminovat

m  GDF-15 hraje dulezitou ulohu v nadorové progresi

Na konci dneSni prednasky byste méli:

1. byt schopni vysvétlit ulohu TGF-f v karcinogenezi;
2. charakterizovat proces EMT vcetné€ hlavnich znakt a regulétort;
3. popsat znamé vlastnosti GDF-15.




