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Typické znaky nadorové bunky

» podpurné proliferacni signaly
» deregulace supresoru rustu/prolifer:

» odolnost k buné&né smrti am

» neomezena replikace

» neoangiogeneze

» Invaze a metastazovani

» mutace a genomicka nestabilita

» zanet

» prestavba energetického metabolisi
» unik pred znicenim imunitnim syster.____

Douglas Hanahan & Robert A.
Weinberg: Hallmarks of Cancer:
Next Generation, Cell, 2011
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Podpurné proliferacni signaly @

» Normalni tkané velice pfesné kontroluji produkci ruastovych
faktort (RF) indukujicich bunécné déleni
» Klicové pro udrzeni homeostazy, normalni architektury a funkce

tkané

» Deregulace této kontroly propujcuje nadorové bunce kontrolu
nad svym osudem
» Autokrinni produkce RF
» Stimulace parakrinni produkce RF
» Zvysena citlivost k RF prostfednictvim zvySené exprese receptoru

» Konstitutivni aktivace receptort pro RF bez zavislosti na ligandech
» Mutace
» Ztrata negativni zpétné vazby

» Otevrené otazky:
» Jake jsou mechanismy kontroly uvolnujici RF v normalni tkani

» Role parakrinni signalizace, uloha imobilizace RF v extracelularni
matrix



O o 9 'm
Deregulace supresoru rustu Yo

» Stejné jako u pozitivnich faktoru rustu i spravna funkce
negativnich regulatoru rustu/proliferace je dulezita pro
udrzeni tkanove homeostazy

» Existuji desitky negativnich regulatoru proliferace, fada

s nich patfi mezi nadorove supresory.

» RB protein — integruje signaly z vnejsiho i vnitrniho
prostredi bunky, klicova molekula kontrolu bunécného
cyklu

» TP53 — integruje signaly z vnitrniho prostredi bunky,
iIndukuje zastavu bunecného deleni nebo bunécnou smrt

» Kontaktni inhibice — inhibiCni draha spocivajici v
mezibunécné interakci proliferujici tkané (zapojeni NF2, N-
kadherinu, LKB1)

» Deregulace signalizace cytokinu TGF-3

» Casté prepnuti funkce z inhibice proliferace na aktivaci
plasticity a invazivity



Typické znaky nadorové tkané jako cile protinadorové IéCby

EGFR Cyclin-dependent
inhibitors kinase inhibitors
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Rustové faktory a jejich receptory

» Onkoproteiny souCasné méni radu odlisnych regulacnich
drah

» Normalni buiky ziskavaji rustové signaly ze svého okoli

» Jsou prenaseny a integrovany v komplexnim okruhu, ktery
rozhoduje zda dojde k déleni

» Prenos signalu pres lipidovou membranu predstavuje
biochemicky problém

» VnejsSi a vnitini prostor je oddelen lipidovou dvojvrstvou —
bariérou

» RuU0zné koncentrace molekul v€etné iontu
» VétSina signalu je pfenasena pomoci proteinu
» Urcité bunky sekretuji proteiny do extracelularniho prostoru

» Prijemci signalu musi byt senzitivni k sekretované molekule a
musi byt v bezprostredni blizkosti
»  parakrinni
» autokrinni
% juxtakrinni



Zakladni principy bunecné signalizace

(a) Receptor- {(b) Cytosolic (c) Protein subunit (d) Protein
dissociation cleavage
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ErbB signalizace — priklad bunééné komunikace
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Casna odpovéd — okamzita & opozdéna
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Rulstové faktory a jejich receptory

» Normalni verze onkogen-kddujicich proteinu jsou ¢asto
zapojeny do regulacnich drah zodpovednych za rizeni
bunécné proliferace

» Jeden ze zakladnich principu udrzeni homeostazy a
regenerace u mnohobunécnych organizmu spociva v
kooperaci/komunikaci vétsiho mnozstvi bunék

» Rustové faktory jsou relativné malé proteiny prenasejici v
extracelularnim prostoru urcitou biologickou informaci

» Rozhodnuti délit/nedélit se musi zohledriovat prospéch pro
cely organismus, nikoliv pro samotnou bunku

» Toto rozhodovani neprovadi zdrava bunika autonomné a je pod
kontrolou jejiho okoli

» Priklad — in vitro kultura normalnich bunék vyzaduje sérum pro
stimulaci proliferace



» frakce krve oddélena centrifugaci po koagulaci

» hoveézi fetalni sérum (FBS) — asepticka srdecCni punkce
plodu (~ 150 - 550 mi/fetus, globalne 700.000 I/rok)

» batch-to-batch rozdily
» regionalni rozdily

= LAW /6 ) News, cases, companies, firms n Advanced
GE Unit Diluted Cell Growth Serum, Stole
Buyers, Suit Says
By John Kennedy
Law360, New York (June 24, 2016, 2:22 PM EDT) -- A North Carolina company accused General
Electric's health care and biosciences unit of stealing its customers and ruining its profits while

also lying about the makeup of its own fetal bovine serum, a product used in laboratories to
promote cell growth, in a complaint filed Thursday in federal court.

For six years, PAA Laboratories Inc_, which continued its unfair and deceptive trade practices
even after merging with GE Healthcare Bio-Sciences Corp., diluted the serum it sold to Serum
Source International Inc. and other customers, misrepresented the...
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Basic FGF levels in Hyclone serum products
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» Krevni destiCky jsou zdrojem
rady faktoru

» Beéhem srazeni krve dochazi k
jejich uvolnovani

» Priklad: platelet-derived
growth factor (PDGF)

» Stimulator fibroblastu, mitogen

PDGF-R*

Figure .46 The Bislogy o Cancer {© Garland Science 2014) control

Figure 5.4a The Biology of Cancer (© Garland Science 2014)



Proto-oncogene tyrosine-protein kinase Src

» [sarc] sarcoma

» J. Michael Bishop a Harold E. Varmus
— Nobelova cena, 1989

» Nereceptorova kinaza aktivovatelna
fadou transmembranovych proteinl —
adhezi, tyrozin kinazovymi receptory,
receptory pro cytokiny (PDGF, EGF)

» c¢-Src, Yes, Fyn, Fgr, Yrk, Lyn, BIk, Hck,

(A) (B)

(P)
AT

L]
¢ £

1
oo

— typické pro mitogenni drahy

d L k GSK-33 HIF-1a Bad TSC2
and Lc l l J_
» Mutace u ~50% nédorfj (Zvyéené proliferation angiogenesis apoptosis pr?:‘eirj
. synthesis
aktivita nebo exprese)
»  Studim funkce v-Src (Rous sarcoma
virus) onkoproteinu umoznilo pochopit
- , , , . . Figure 5.6 The Biology of Cancer (© Garland Science 2014)
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Figure 5.7 The Biology of Cancer (© Garland Science 2014)



Struktura Src proteinu

» SH1 — katalytickd doména L
» SH2, SH3 — rozpoznani substratu T - -
Jintracelularni receptory”

» ligandy® — kratké oligopeptidoveé
sekvence s fofosfotyrosiny

(A) SH3 domain

SH2 domain SH1 (=kinase) domain

Figure 6.7 The Biology of Cancer (© Garland Science 2014)




Atrakce prenasecéu signalu
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Epidermal growth factor

» Prvni objeveny rustovy faktor

» Mitogenni u€inek na fadu typu epitelialnich bunék
I8 ©» Receptor

| » N-konec — extracelularni doména — ektodoména,
} rozpoznava EGF ligand

| » Transmebranova doména, hydrofobni rezidua
| » C-konec, intracelularni Cast

» Aktivace EGFR vede k ativaci c-Src-like kinaz

transmembrane
ectodomain donlwaln cytoplasmic domain
EGF " I I | o
receptor | ‘
\ . Wel .
ligand binding . regionof | C:terminal
' homology |  tail
plasma ‘ ‘
membrane

Figure 5.8a The Biology of Cancer (© Garland Science 2014)




Tyrozin kinazové receptory

immunoglobulin-

like domain
cysteine-
rich
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fibronectin type IlI-
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Figure 5.9 The Biology of Cancer (© Garland Science 2014)




Ruistové faktory a jejich receptory v nadorové patogenezi

Name of receptor

Main ligand

Type of alteration

Types of tumor

EGF-R/ErbB1

EGF-R/ErbB1
ErbB2/HER2/Neu
ErbB3, 4

Flt-3

Kit

Ret

FGF-R2

FGF-R3

PDGF-R

3See also Figure 5.16.

EGF, TGF-a

NRG, EGF
various
FL

SCF

GFL

FGF
FGF

PDGF

Table 5.2 The Biology of Cancer (© Garland Science 2014)

overexpression

truncation of ectodomain
overexpression
overexpression

tandem duplication
amino acid substitutions

fusion with other proteins;
point mutations

amino acid substitutions

overexpression; amino
acid substitutions;
translocations

translocations

non-small cell lung cancer; breast, head and neck,
stomach, colorectal, esophageal, prostate, bladder, renal,
pancreatic, and ovarian carcinomas; glioblastoma

glioblastoma; lung and breast carcinomas
30% of breast adenocarcinomas

oral squamous cell carcinoma

acute myelogenous leukemia
gastrointestinal stromal tumor

papillary thyroid carcinomas; multiple endocrine
neoplasias 2A and 2B

breast, gastric, endometrial carcinomas
multiple myeloma; bladder and cervical carcinomas; acute

myelogenous leukemia

chronic myelomonocytic leukemia



Zmeéneny receptor pro RF = onkoprotein
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Parakrinni signalizace

normal paracrine signaling

-
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epithelial cell
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Figure 5.11b The Biology of Cancer (© Garland Science 2014)




Autokrinni signalizace nadorovych bunék

£ @

T

activation
of GF gene EGF-R
normal cell autocrine signaling
in cancer cell

HGF Met miscellaneous endocrinal tumors, invasive
breast and lung cancers, osteosarcoma
IGF-2 IGF-1R colorectal

\lli/
1Y

Table 5.3 Examples of human tumors making autocrine growth factors
Ligand Receptor Tumor type(s)

IL-6 IL-6R myeloma, HNSCC TGF-a
IL-8 IL-8R A bladder cancer
NRG ErbB2%/ErbB3 ovarian carcinoma
PDGF-BB PDGF-Ro/p osteosarcoma, glioma
PDGF-C PDGF-Ra/f3 Ewing'’s sarcoma
PRL PRL-R breast carcinoma
SEE Kit Ewing'’s sarcoma, SCLC
VEGF-A VEGF-R (FlIt-1) neuroblastoma, prostate cancer, Kaposi‘s
sarcoma
TGF-a EGF-R squamous cell lung, breast and prostate

adenocarcinoma, pancreatic, mesothelioma

merged

GRP GRP-R small-cell lung cancer

2Also known as HER2 or Neu receptor Figure 5.11d The Biology of Cancer (© Garland Science 2014)

Table 5.3 The Biology of Cancer (© Garland Science 2014)



Autofosforylace tyrozin kinazovych receptoru

» Pri absenci signalu — ligandu —jsou receptory jako
monomery

» Po vazbé ligandu dochazi k dimerizaci receptoru
» Transfosforylace C-koncu r’
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Konstitutivni dimerizace receptori zpusobena fuzi genu

» Fuze genu pro RF s jinym
genem jehoz produkt muze
normalneé dimerizovat nebo
oligomerizovat —|—- ~|-

» Casti takovych hybridnich ! ! ! ! .fs;! F—»
receptoru (jejich ektodomeény)
jsou spojeny

» Stabilni zména struktury J
receptoru vedouci k jeho trvale

(B) Ros PDGF-R FGF-R Trk Met Ret

aktivaci bez ligandu

Ros PDGF-Ra FGF-R1  TrkA Met Ret receth"'
FIG BCR FIM Tpm3 Tpr H4 pre
FOP Tpr R1a
PDGF-Rp CEP110  Tfg ELE1
Tel BCR Htif1 .
H4 Trke Htifg pg‘;‘;’e”rs
Hip1 FGF-R3 el KTN1
Ceva IgH RFG9
Rab-5 Tel ELKS
PCM1

Figure 5.16 The Biology of Cancer (© Garland Science 2014)



Jak-STAT draha
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Zvysena exprese receptoru
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STAT aktivace u solidnich nadoru

Table 1. Summary

Cancer type

studies descri

Reference

ing STAT activation and its clinical implications in solid tumours

STAT activation,
tissue sample

Number of patients

Clinical implications of
STAT activation

NSCLC

Xu and Lu, 2014

STAT3 and pSTAT3 detection
with immunohistochemistry

1793 (meta-analysis of 17
studies)

Positivity for STAT3 or pSTAT3
associated with reduced overall survival
(HR=0.67, P<0.0001)

Prostate

Mirtti et al, 2013

Nuclear STAT5A/B,
immunohistochemistry on
tissue microarrays from
prostatectomy or TURP

562 radical prostatectomy

106 palliative treatment

Presence of nuclear STAT5 associated
with early recurrence (HR=1.6,
P=0.012)

Presence of nuclear STATS associated
with prostate cancer-specific death
(HR=1.59, P=0.034)

1 Breast

Sonnenblick et al, 2013

Peck et al, 2011

Immunohistochemistry for
PSTAT3 on tissue microarrays

Immunohistochemistry and
immunofluorescence for
nuclear pSTATS on tissue
microarrays

137 out of 375 positive (36%)

208 out of 421 positive (49%).
Node negative, with no
adjuvant therapy

Presence of pSTAT3 associated with
improved overall survival in patients
receiving adjuvant chemotherapy (10
year survival 79% for pSTAT3 positive,
vs 61.5% for pSTAT3 negative,
HR=0.48, P=0.01)

Absence of activated STATS associated
with decreased cancer-specific survival
(HR=2.39, P=0.023)

| Rectal/colorectal

Monnien et al, 2010

Kusaba et al, 2006

Immunohistochemistry for
nuclear pSTAT3

Immunohistochemistry for
pSTAT3

39 out of 104 (37.5%)
positive. 104 rectal, T3 or
resectable T4MO

62 out of 108 (57%) positive.
Colorectal adenocarcinoma

Presence of activated STAT3 associated
with better overall survival (HR=0.3,
P=0.01)

Presence of activated STAT3 associated
with worse overall survival (P<0.001)

Oral squamous
cell carcinoma

Macha et al, 2011

Pectasides et al, 2010

Immunochistochemistry for
nuclear pSTAT3

AQUA immunohistochemistry
for nuclear STAT3

63 out of 94 (67%) positive
(follow-up data for 71)

Nuclear pSTAT3 associated with shorter
median disease-free survival (13months
vs 64 months, P=0.019).

High nuclear STAT3 associated with
improved overall survival (Mean 119
months vs 57.3 months, P=0.009)

Cervical
squamous cell
carcinoma

Takemoto et al, 2009

Immunohistochemistry for
nuclear pSTAT3

71 out of 125 (56.8%) positive

Nuclear pSTAT3 associated with
reduced overall survival (5 year survival
79.2 months vs 5.3 months, P=0.006)

Malignant
melanoma

Messina et al, 2008

Immunohistochemistry for
pSTAT1 and pSTAT3

6 out of 14 primary tumours
positive for nuclear pSTAT3,
16 out of 26 lymph node
metastases positive for
PSTAT3, 6 out of 23 positive
for STAT1

In patients with lymph node metastases,
higher rates of recurrence with high
pSTAT3 staining compared with low-
grade staining (9 out of 16 vs 3 out of 10).
Lower rates of recurrence with high
PSTAT1 staining (8 out of 23 vs 2 out of )
in lymph node and brain metastases

Renal cell
carcinoma

Horiguchi et al, 2002

Immunochistochemistry for
nuclear pSTAT3

24 out of 48 (50%) positive

Nuclear pSTAT3 associated with
shortened cancer-specific survival
(P=0.0439)

Glioblastoma

Birner et al, 2010

Immunochistochemistry for
pSTAT3 on tissue microarrays

58.8% of 111 positive

High or very high numbers of cells
positive for pSTAT3 associated with
reduced overall survival (P=0.001)

resection of prostate.

Abbreviations: AQUA =automated quantitative analysis; HR = hazard ratio; NSCLC = non-small cell lung cancer; STAT =signal transducers and activators of transcription; TURP = transurethral

www bjcancer com | DO1:1001038/bje 2015233




TGF-B receptor

serine/
threonine
kinase
domain

I

type-li type-l I
TGF-B TGF-B
receptor receptor

Figure 5.20 The Biology of Cancer (© Garland Science 2014)




TGF-B v rakoviné

Roles of TGFp in cancer

| Premalignant state

Tumor-suppressive effects: cytostasis,
differentiation, apoptosis

Suppression of tumorigenic inflammation

Suppression of stroma-derived mitogens

Malignant progression
(Loss of tumor suppression)

Evasion of immune surveillance
Autocrine mitogen production
Motility

Invasiveness and
dissemination

Epithelial-mesenchymal transition
Myofibroblast mobilization

= Cancer cell priming for metastasis

S Metastatic colonization
~ “Extravasation

Osteoclast mobilization

“\q@" Microenvironmental-modifying factors:
e Q cytokines, proteases
VR

Cell 2008 134, 215-230DOI: (10.1016/j.cell.2008.07.001)




TGF-B v rakoviné
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TGF-B v rakovine
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TGF-B v rakoviné
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TGF-B a nadorové stroma
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Uloha Notch
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Mechanismus nadorové suprese Notch
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Patched-Smoothened — Hedgehog draha
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Frizzled receptor, kanonicka Wnt signalizace
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Frizzled receptor, nekanonicka Wnt signalizace
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Wnt signalizace a rakovina

Cutaneous Melanoma
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Cell Stemn Cell 9, 476—-485, November 4, 2011

Oncogene (2017) 36, 1461-1473




Wnt signalizace a rakovina

Yitrium30 labelled

anti Fzd10 antibody

OTSA701 soluble Fzd decoy
recepfor

anti Fzd7 antibody OMP54F28

OMP-18R5
anti R-spondin3
OMP-131R10

Wnt5A mimetic

Foxy5

Porcupine inhibitors

LGK974

ETC-159
Inhibitor of TCF-CBP
interaction

Oncogene (2017) 36, 1461-1473 PRI-724




Integriny

ECM-binding domains
1

collagen receptors leukocyte-specific
receptors

a subunit B subunit
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Table 5.4 Examples of integrins and their extracellular matrix ligands

Integrin ECM ligand

Figure 6.24a The Biology of Cancer (© Garland Science 2014)

Adapted in part from B. Alberts et al., Molecular Biology of the Cell, 5th ed. New York: Garland
Science, 2008; and from H. Lodish et al., Molecular Cell Biology. New York: W.H. Freeman, 1995.
Table 5.4 The Biology of Cancer (© Garland Science 2014)
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Integriny a rakovina
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Integriny a rakovina
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Integriny a rakovina
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Ras aktivace pomoci RF

» Receptor -> Grb2 -> Sos -> Ras
» Receptor -> Shc -> Grb2 -> Sos -> Ras
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PI3K/Akt/PKB draha
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Funkce Akt/PKB drahy

Table 6.3 Effects of Akt/PKB on survival, proliferation, and cell growth

Biological effect Substrate of Akt/PKB

Description

Functional

consequence

Anti-apoptotic
Bad (pro-apoptotic)

caspase-9 (pro-apoptotic)
|1xB kinase, abbreviated IKK

(anti-apoptotic)

FOXO1 TF, formerly called

FKHR TF (pro-apoptotic)

Mdm?2 (anti-apoptotic)
Proliferative

GSK-3p (anti-proliferative)

FOXO04, formerly called
AFX (anti-proliferative)

p219iP! (anti-proliferative)

Growth
Tsc2 (anti-growth)

Table 6.3 The Biology of Cancer (© Garland Science 2014)

Bcl-X antagonist; like Bad, belongs to Bcl-2 protein family
controlling mitochondrial membrane pores (Section 9.13).

Component of the protease cascade that affects the
apoptotic program (Section 9.13).

Activated by Akt/PKB phosphorylation (Section 6.12).

Phosphorylation prevents its nuclear translocation and
activation of pro-apoptotic genes.

Activated via phosphorylation by Akt/PKB; it triggers
destruction of p53 (Section 9.7).

Phosphorylates B-catenin, cyclin D1, and Myc (Sections
7.11, 8.3, 8.9), causing their degradation; inactivated via
phosphorylation by Akt/PKB.

Induces expression of the CDK inhibitor p27XiP1 (Section 8.4)
gene and some pro-apoptotic genes; exported from the
nucleus when phosphorylated by Akt/PKB.

CDK inhibitor, like p27KiP! (Section 8.4). Exits the nucleus
upon phosphorylation by Akt/PKB; in the cytoplasm,
phosphorylated p21<P! inhibits caspases, thereby acquiring
anti-apoptotic functions (Section 9.13).

Phosphorylation by Akt/PKB causes Tsc1/Tsc2 complex to
dissociate, allowing activation of mTOR, which then up-
regulates protein synthesis (Section 16.15).

inhibition

inhibition

activation

inhibition

activation

inhibition

inhibition

inhibition

inhibition



Zmeny PI3K drahy

Table 6.4 Alteration of the PI3K pathway in human tumors?

Cancer type Akt/PKB hyperactive PIKC3A hyperactiveP PTEN-mutant or repressedd

3The percentages in this table are approximate, since the proportion of tumors bearing the indicated alteration increases progressively as tumor
progression proceeds, often dramatically, and because many reports do not distinguish between inactivation by mutation and inactivation by
promoter methylation.

bpIKC3A appears to be the only gene of the 16 members of the PI3K-encoding gene family to undergo somatic mutation during tumor development.
These mutations affect the p110 catalytic subunit of PI3 kinase; frequently occurring amplifications of this gene are not registered in this table.
“PI3KR1 mutations affect the regulatory subunit of PI3K kinase and are most commonly observed in human cancers; alterations of the four other
members of this family of PI3K regulatory subunits are not registered here. Alterations of the encoded p85a subunit cited here were few in number
and the indicated percentages are likely to change dramatically as more data are collected.

dPTEN nonsense mutations and deletions are registered here and, in many cases, the even more frequent shutdown of expression through promoter
methylation or the actions of microRNAs . (Promoter methylation often results in shutdown of transcription of a gene; see Section 7.8.)

From www.sanger.ac.uk/perl/genetics/CGP/cosmic; T.L. Yuan and L.C. Cantley, Oncogene 27:5497-5510; B.S. Jaiswal et al., Cancer Cell 16:463-474,
2009; D.W. Parsons et al., Science 321:1807-1812, 2008; and Y. Samuels and K. Ericson, Curr. Opin. Oncol. 18:77-82, 2006.

Table 6.4 The Biology of Cancer (© Garland Science 2014)
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» Ral-A, Ral-B — 58% identita s Ras
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Negativni a pozitivni zpétna vazba
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Shrnuti

» Deregulace bunécne signalizace je klicova pro vznik a
rozvoj rakoviny

» Fosforylace tyrosinu je preferovana u rady mitogennich
signalu

» zvySena exprese rustovych receptort u nadorovych
bunék vede k jejich Casteé kolizi, dimerizaci a
oligomerizaci — aktivaci bez ligandu

» Mutace receptorovych tyrozin kinazovych domén vede
ke konstitutivni aktivaci receptoru bez ligandu

» Dalsi drahy zapojené v karcinogenezi
» JAK/STAT, Wnt, Notch, Hedgehog

» Integriny — transmembranoveé receptory propojujici ECM
a bunécény cytoskelet, formovani fokalnich adhezi,
klicova role v rakovine

» Ras aktivuje tri hlavni signalove kaskady
» Raf, PI3K/Akt, Ral-GEF



Otazky na priste

» ProcC je autokrinni signalizace destabilizujici faktor pro
normalni tkané?

» Jaké mechanismy mohou bunky uplatnovat pro snizeni
citlivosti k pusobeni ristovych faktoru?

» Jakou roli hraji integriny v procesu bunécné motility?

» Jake molekularni mechanismy mohou vést ke konverzi
protoonkogenu na onkogen?



