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Growth factors 1n cancer cell
signaling

m cancer Is not single cell disease;

m 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
I 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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Genetic determinants of cancer
metastasis
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Cel 733, 6677, April 4, 2008
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LETTERS

Genes that mediate breast cancer metastasis
to the brain

PaulaD. Bos', Xiang H.-F. Zhang', Cristina Nadal'{, Weiping Shu', RogerR. 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

= Role v rozvoji patologickych stavu




Biologické funkce TGF-[3

m Hraje klicovou ulohu behem embryogeneze;

m reguluje proliferaci, diferenciaci, bunecnou
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-P v rozvoj1 patologickych
stavu

m Fibroza

— deregulace exprese ECM
prostrednictvim indukce proliferace
fibroblastu a jejich
myofibroblastového fenotypu.

m Nadorova onemocneéni

— ztrata citlivosti epitelialnich bunék k
inhibiénimu pusobeni TGF-f3;
— Indukce angiogeneze.
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Role TGF-3 v carcinogenezi

TGF-p TGF-B Endoglin Type ll Typel Smad?2 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%)
E ] 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
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Osteoporosis

Atherosclerosis

hemorrhagic

{germ-line mutations - :
telangiectasia

or polymorphisms)

NEJM 342, 18 (2000) 1350-1358



Role TGF-3 v carcinogenezi
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Role TGF-f3 v carcinogenezi
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Role TGF-3 v carcinogenezi
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Epithelial-Mesenchymal Transition
(EMT)

m Zmena bunecneho fenotypu spojena
se ztratou adheze a zvysenim
motility




EMT & Cancer
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TGF-B
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Recent discoveries in the EMT field

m EMT creates cells with cancer stem cell
CharaCteﬂSthS Mani SA, et al., Cell. 2008 May 16;133(4):704-15.

Epithelial Mesenychmal transition

-CrossM /‘ 31/2 and

II"IQZE dhrl stem cell
C oss&e 2
S| ™
Esmeralda Casas, Jihoon f
Kim, Andrés Bendesky, et |
- Cancer Res; 71(1) January .
2011 '
Prachi Jain, Suresh K. AIaharll

Frontiers in Bioscience 16,
1824-1832, January 1, 2011 .

. . _ Metastasis Self renewal
H Zhang, Y Li and M Lai A N
Oncogene 29, 937-948 ' — mature miR-42
(18 February 2010) i
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Experimental approach
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Dvoji tloha TGF-B3 v carcinogenezi

m Deregulace inhibice proliferace
epitelialnich bunek;

m Epithelia-mesenchymal transition

m podpora migrace, metastazovani a
angiogeneze.




Role TGF-B v diagndze, prognoze a leCbe

= Vysoka serova hladina TGF-B1 je spojena s
nadory tlustého streva, prostaty a rozvojem
fibrozy;

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

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

m protektivni uCinek retinoidu a vitaminu D3
I muze byt zpusoben prostfednictvim TGF-.




GDF-15: nddorovy promotor nebo
supresor?

)



Proc. Natl. Acad. Sci. USA
Vol. 94, Fp. 11514-11519, October 1997
Immunology, Cell Biology

MIC-1, a novel macrophage inhibitory cytokine, is a divergent
member of the TGF-f3 superfamily
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*Centre for Immunology, 5t Vincent's Hospital, and University of New South Wales, Sydney, 2010, Australia; and 3Dcparlmcni of Biotechnology, University of
MNew South Wales, Sydney, 2010, Australia
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GDF-15 v patologickych stavech

GDF15

Cardiovascular event Anemia

* Thalassemia

» Congenital dyserythropoietic
anemia type 1

* Refractory anemia with ring
sideroblasts

* Pyruvate kinase deficiency

* Atherosclerosis
* Chronic heart failure
* Acute pulmonary
thrombosis
» Idiopathic pulmonary
arterial hypertension

GENERAL
MARKER OF
DISEASE AND
MORTALITY

Tumor

¢ Prostate cancer
* Colorectal cancer \
Other \ i « Gastric cancer
‘ « Breast cancer
» Ovarian and endometrial cancers
* Oral squamous carcinoma

* Renal deficiency
* Rheumatoid arthritis
» Diabetes

_ GDF15and Cancer
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Concise Review: Growth Differentiation Factor 15 in
Pathology: A Clinical Role?

JILL CORRE, ™™ BEnJAMIN HEBRAUD,™ PHILIPPE BOURIN®



&DF15 gene

Homo sapiens

chromosome 19 e pls.2 pl311 plz el ql= ql3.2

Pan troglodytes

chromosome 19 |

Mus musculus

chromosome 8 ALl EZ B8 AR

Rattus norvegicus

- =
chromosome 16 I | plLd plz N gll glz.l B <17= Il qlz.5 | ®
L




GDF-15: mezidruhova podobnost proteinu

Euteleostomi (~420 My ago)
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Control of 6DF15 expression

I 1
chrlQ:12 337 925 18,267,925

p53
PPAR-gammal | [l | | |
PPAR-gammaz | [l | | |
MF-kappaB1 |
Arnt |
AP-1 | | [l LT [ I i
c-Jun | | [ | | |
C/EBPbeta [ 11 I
ATF-2 I Il
CRE-BP1 I

Legenud: [* Transcription start site of GDF15 | Tranzcription factor binding site
Scale: a0 bp

I
ﬁl SABiosciences’




GDF-15 regulation

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

Cancer progression,
Chemotherapeutic drugs

NF-kB

P33 tumor

suppressor

=N\

TNF-a

MiC-1

expression { {a-DHT)

\"//é =,

Androgens

=/ | \ O [

Activated Host Serum
macrophage tumor | | Cancer
cells — \\
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 Ce// 8 (5), 393 (2005).




Various forms of GDF-15

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
member, acts as a quality control determinant for
correctly folded MIC-1. EMBO J 2000;19:2212-20.

pro-GDF-15 monomer ~40kDa

pro-GDF-15 dimer ~80kDa

pro-GDF-15 hemidimer ~55kDa

propeptide ~28kDa

mature GDF-15 dimer ~30kDa

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

Congenital 10 239 3049 pg/ml Tamary, H. et al., Blood 112 (13), 5241
dyserythropoietic (2008).
anemia
Normal 16.1 23.4 pg/ml 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 (2007)
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
2 )
BPH 983 850 pg/ml (2006)
Prostate cancer 731 500 pg/mL
Women with 618 pg/mL Brown, D. A. et al., The Lancet 359
cardiovascular events (9324), 2159 (2002).
Women w/o 538 pg/mL

cardiovascular events




Growth/differentiation factor-15 is an abundant cytokine in human
seminal plasma
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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 Biochemisiry 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




GDF-15 & NSAIDs
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GDF-15 & NSAIDs
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Growth-differentiation factor-15 inhibits differentiation into osteoclasts
- A novel factor involved in control of osteoclast differentiation
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Seminal Fluid Drives Expansion of the CD4"CD25" T Regulatory Cell Pool
and Induces Tolerance to Paternal Alloantigens in Mice'

Sarah A. Robertson,” Leigh R. Guerin, John J. Bromfield, Kim M. Branson, Aisling C. Ahlstrom,
and Alison S. Care

Research Centre for Reproductive Health, School of Paediatrics and Reproductive Health, University of Adelaide,
Adelaide, South Australia, Australia

...... Both seminal plasma and sperm components
of the seminal fluid are necessary to confer full
tolerance and elicit the Treg cell response,
potentially through provision of immunedeviating
cytokines and antigens, respectively
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Naive T-cells activation
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GDF-15 & mice prostate cancer

*The TRAMP-C1 (ATCC - CRL-2730) cell line was derived in
1996 by Norman Greenberg from a heterogeneous 32 week
primary tumor in the prostate of a PB-Tag C57BL/6 (TRAMP)
mouse.

* TRAMP is a transgenic line of C57BL/6 mice harboring a
construct comprised of the minimal -426/+28 rat probasin
promoter (426 base pairs of the rat probasin (PB) gene
promoter and 28 base pairs of 5'-untranslated region) to
target expression of the SV40 large T antigen to prostatic
epithelium.

*TRAMP-C1 cells are tumorigenic when grafted into syngeneic

CH57BL/6 hosts. :
ANICC

The Global Bioresource Center



- control GFP
-mGDF-15 GFP

transfected TRAMP-C1 cells
TRAMP-C1 cells

control GFP+ mGDF 15 GFP+

Salng

W W
1 / e

tumor mass =~ tumor mass

determination Q determination ’
. =




GDF-15 stimulates growth of syngeneic grafts of
TRAMP-C1 cells

140

n=8 %

120

. 100

o

E

0 80

w

©

£

5 60 +

£

=
40 - w
20

empty vector mGDF15




GDF-15 signaling

Receptor IgG
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GDF -15 signaling
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GDF-15 signaling

LAPC-4
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Summary

GDF-15.
® inhibits ndive T-cells activation
(proliferation) and induce Treg /n vitro,

= its overexpression potentiate fumor graft
progression in syngeneic hosts;

= tumor graft progression is significantly
potentiate by ectopic overexpression of
MmGDF-15 and inhibited in GDF-15 knockout
mice;

m GDF-15 binds ACVR2B receptors and
activates SMADZ2 in LAPC-4 cells



Shrnuti prednasky

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

EMT je vyznamny proces ovliviujici schopnost nadorovych bunek
diseminovat

GDF-15 hraje dulezitou ulohu v nadorové progresi

Na konci dneSni prednasky byste méli:

1. byt schopni vysvétlit ilohu TGF-p v karcinogenezi;
2. charakterizovat proces EMT vcetné hlavnich znaki a regulatoru;
3. popsat zname vlastnosti GDF-15.



