VSechny formy rakoviny vznikaji jako smés dédicnych zmén v buné¢ném genomu
vyskytujicich se ve vyvoji nadorovych bunék a epigenetickych zmén ve
stadiu nadorové promoce a progrese.

Hlavni u¢inek NADOROVYCH PROMOTORU je specifickd expanze iniciované bunééné

populace v zasazené tkani. Faze je zpocatku reversibilni, pozd¢ji ireversibilni.

Promotory se nevazi kovalentné na DNA a nejsou mutagenni, piisobi na iniciovanou bunku a zptisobuji
dilezité negenetické - epigenetické zmény (zmény v expresi genti).

Mohou vsak t€z plisobit jinak na geneticky material: zptisobovat amplifikaci genii, synergicky pusobit s
viry a zvySovat transformaci. Tyto zmény asi odpovidaji za ireversibilni ¢ast promoce.

PROGRESORY jsou karcinogeny, nadorove promotory nebo hormony, které ptisobi na nadorove
bunky a preménuji je na maligni. Mohou pusobit negeneticke a genetické zmény v nadorovych
bunkach. Progrese je charakterizovana vyskytem extensivni heterogenity v maligni bunééné populaci a
vznikem invazivity (metastazy).

KOKARCINOGENY - zvysuji hladiny bunécnych enzymu, které aktivuji karcinogeny
ANTIKARCINOGENY - chemicky se vazi na karcinogen, odbouravaji jej, tlumi enzymy aktivujici
karcinogeny nebo obsadi ciloveé misto (kompetitivni inhibice).



Chovani bunék a rovnovaha v bunécnych populacich jsou
regulovany komplexnim integrovanym komunika¢nim
systémem, ktery zahrnuje signaly mimobunécné,

r [

mezibunécné a vnitrobunécné.

Zivocisné buriky obsahuji systém proteintl, ktery jim umoziiuje reagovat na signaly

1inych bunék.

Zahrnuje receptorove proteiny na bunééném povrchu nebo uvnitt bunék (v

cytoplasmé nebo v jadre), proteinove kinazy, fosfatazy, proteiny vazici se na GTP a

radu dalSich vnitrobunécnych proteint, se kterymi tyto signaly interaguii.
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INTEGROVANE SIGNALNI OBVODY VZNIKAJICI V BUNCE
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Figure 2. The Emergent Integrated Circuit of the Cell

Progress in dissecting signaling pathways has begun to lay out a circuitry that will likely mimic electronic integrated circuits in complexity
and tinesse, where transistors are replaced by proteins (e.g., kinases and phosphatases) and the electrons by phosphates and lipids, among
others. In addition to the prototypical growth signaling circuit centered around Ras and coupled to a spectrum of extracellular cues, other
component circuits transmit antigrowth and differentiation signals or mediate commands to live or die by apoptosis. As for the genetic
reprogramming of this integrated circuit in cancer cells, some of the genes known to be functionally altered are highlighted in red.



THE TUMOR SUPPRESSOR[
ONCOPROTEIN NETWORK

optatic of increase
Li- ap' |_Io-'_.c proteins.

-Iemase signaling,
Akt, When

g pathway, L-'.nmz isre
m, where it i3 .r'br.ld"ci
M protects ps

a cellular apoptotic response

14 | Seplember 22, 2006

DYSFUNCTIONAL SIGNALING PATHWAYS IN CANCER

e~
w\“‘w =

THE RB PATHWAY AND RE'S
MANY POTENTIAL FUNCTIONS
stion factors regulate the
vhich the
alved in G1-5 phase
iofn. The cell -:} & phases are

with which Rb inte

Chk1

///

-~
DMNA Damage / s,

[he Seientist

cell cycle

Soptember 22, 240

Prateins are shown at their approxima

B [yellow]. Th
d Chka) (yellow) or e
Effector proteins 'cou ata cell oy t, =:Jc||_'c;|s tran 5'|.|,. or, and DINA nepair

The Scipmtias | 15




MEZIBUNECNE INTERAKCE v ristu a neoplasii

» uvolnéni rust modulujicich faktorti (hormonti, ristovych faktort, inhibitort, cytokind,
eikosanoidil apod.) do krve (endokrinni regulace) nebo mezibunécneého prostoru - tkanoveé

mediatory (parakrinni regulace)

» odpovedi bun€k na slozky bunécnych membran sousednich bunék a na slozky
extracelularni matrix - kadheriny, integriny - dilezité z hlediska metastatického procesu

P primy prenos signaltl (malé molekuly asi 1 kDa) mezi buiikami prostrednictvim
membranovych spojeni, tzv. gap junction
GJIC - gap junctional intercellular communication (homologni nebo heterologni) vytvareni

konexontl z proteinti konexini

Poruchy GJIC mohou vest k deregulaci rlistu a k neoplasii - negenotoxickeé mechanismy
karcinogeneze



Formy mezibunéénych signalu

(A) CONTACT-DEPENDENT

signaling cell target cell

/*')-
membrane-

bound signal
molecule

(B) PARACRINE

signaling
cell
= s
target
cells

L
.'--....._*

: .f

local
mediator

(C) SYNAPTIC

synapse
neuron

e
e
s

target cell
cell 9

body
neurotransmitter

(D) ENDOCRINE

g receptor
endocrine cell P

\targetcell

. l/'hormone C Y
M- ®

~

bloodstream

target cell

Figure 15-4 part 2 of 2. Molecular Biolog

y of the Cell, 4th Edition.




Autokrinni signal

A SINGLE SIGNALING CELL IN A GROUP OF IDENTICAL SIGNALING
RECEIVES A WEAK AUTOCRINE CELLS, EACH CELL RECEIVES A STRONG
SIGNAL AUTOCRINE SIGNAL

igure 15-6. Molecular Biology of the Cell, 4th Edition.




Vazba mimobunéénych signalnich molekul na povrchové nebo
vhitrobunécéné receptory

CELL-SURFACE RECEPTORS
cell-surface plasma membrane
receptor

o
hydrophilic signal
molecule

INTRACELLULAR RECEPTORS

small hydrophobic
——__ signal molecule
s, R .

T@
carrier protein /

L )
/\éucleus

intracellular receptor

Figure 15-3. Molecular Biology of the Cell, 4th Edition.




Zjednodusené schéma vnitrobunécné signalni drahy
aktivované mimobunécnou signalni molekulou

EXTRACELLULAR
SIGNAL MOLECULE

RECEPTOR PROTEIN

€

INTRACELLULAR
SIGNALING PROTEINS

T
&
[]
&
O

1’
|
|
/1N

@ ® TARGET
- PROTEINS
metabolic gene regulatory cytoskeletal

enzyme protein protein

l l l

altered altered gene  altered cell

metabolism  expression shape or
movement

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



Zavislost zivoCisné bunky na
mnohonasobnych mimobunécnych signalech

m SURVIVE =p

R o N

il
. o
)

/

DIFFERENTIATE - <~

™,

/. }—apoptotic

{,/:.’(.r’ cell

igure 15-8. Molecular Biology of the Cell, 4th Edition.



T¥i hlavni zpusoby mezibunécné komunikace

Nongenotoxic chemicals
(e.g.: TPA, DDT and

Phenobarbital) \ /'

Endogenous regulators
(e.g.: hormones, growth
factors, neurotransmiters)

Cell Extrace_llula_xr
communication

adhesion

molecules

-

| ._lradicals P,

2

CR

C 2+
Free pH i : cAMP 2

DG

/]

'yc

J

Inactlve

proteln

Actlve

pro e|n

Gap junction

Intercellular communication

Cytoplasmic
receptor

Second messages

Intracellular
communication

A alters membrane
function

C modulates GJ function

D modulates gene
expression

According to: J.E.Trosko: Environmental Health Perspectives; 106: 331 - 339, 1998




Hlavni mechanismy charakterizujici negenotoxickou karcinogenezi

B ovlivnéni mechanismu signalove transdukce

B ovlivnéni exprese onkogenil, nadorové supresorovych gent a genti bunécného
cyklu

aktivace specifickych receptorti

produkce reaktivnich kyslikovych radikala (ROS)

zmény v metylaci DNA nebo v acetylaci histonti

zmény GJIC

zmény bunééného cyklu

zmény proliferace (regenerativni nebo mitogenni)

zmeény v apoptoze

zmeény v rovnovaze vyustujici ve zmeénu obratu bunck ve tkani



environm. chemicals hormones,
drugs, radiation, E> ULLA growth factors,
dietary PUFAs, fiber :) T _1\/_ _j_‘i cytokines

membrane receptors
changes of membrane drug-and hormone
properties metabolizing enzymes

prooxidative/
cytosolic receptors, antioxidative

transcription factors (AhR, INTRACELULLAR balance

NF«B etc.) SIGNALLING
PATHWAYS

nuclear receptors (PPARs, RXR, etc.)
transcription factors (AP-1, etc.

[\ \
histone acetylation/

deacetylation

ED GENE EXPRESSION

tion, translational or post-translational levels

Main epigenetic (non-genotoxic) mechanisms involved in carcinogenesis

‘ tnh_nrn!:ni’-
pvikokinetiky

Miofyxihdln Ooskow ﬂ“éﬂr BANG



VYZNAM GJIC

udrzovani homeostazy ve tkanich
Sifeni signalti regulujicich proliferaci a diferenciaci mezi bunkami

Faktory inhibujici GJIC - umoznuji klonalni expanzi preneoplastickych bunck
» rlstove faktory (EGF)

» negenotoxicke karcinogeny, nadoroveé promotory

» onkogeny -exprese nékterych onkogenti koreluje s redukci GJIC

Faktory stimulujici GJIC
P rlstove inhibicni latky
P latky pusobici protinadorové - retinoidy, karotenoidy, dexamethasone

Vyzkum gentll pro konexiny - funguji jako nadorove supresoroveé geny - uplatnéni
v terapii



Gap junctional intercellular communication (GJIC) by mohla byt integrujicim faktorem, ktery
propojuje vSechny teorie karcinogeneze dohromady. Maji totiz zasadni roli pii udrzovani tkanové
homeostazy a existuje rada diikazli na podporu jejich zasadni tlohy v tomto procesu.

pro vétSinu nadorovych bunék je charakteristicka dysfunkce homo- nebo heterologni komunikace
vetSina nadorovych promotort inhibuje (reverzibiln€) GJIC

rust. faktory a hormony majici nadorové promoc¢ni ti€inky inhibuji GJIC

onkogeny jako jsou ras, raf, src mohou snizovat GJIC

nadorove supres. geny zvysuji GJIC

transfekce nadorovych bunck konexinovymi geny obnovuje GJIC a riistovou regulaci téchto
bunck

B “antisense” geny pro konexiny mohou snizovat GJIC

B protinadorove latky a chemopreventivni agens zvySuji GJIC

B konexinove geny funguji jako nadorove supresorove geny

B GJIC jsou dilezite pro adaptivni odpoved’ 1 apoptozu

Snizovani GJIC exogennimi chemickymi promotory nebo endogennimi riist. faktory nebo hormony
vyzaduje

B piekroceni prahove davky

B stale, pravidelné chronicke piisobeni

U vsech znamych epigenetickych a negenotoxickych latek existuji prahove hodnoty, pod nimiz je
bunka schopna obnovovat svilj ptivodni stav bez osudovych disledki. Je jasne, ze take riizné typy
chemikalii maji sveé prahove hodnoty pro modulaci GJIC a cytotoxicitu a Ze take riizne ziv. druhy a
rizne typy bunck reaguii na tutez latku riizné.




,Gap junctions“v bunééné homeostaze

Gap Junctions in Cellular Homeostasis
Distal cell {

Toxic
Chemicals

Extracellular
Communication

Translational Regulators

Transcriptional Regulators }
Post translational Regulators
Intracellular

Communication

\[_i_lologlcal End Pomt_si’

v Intercellular
Cell <'"-----o*"°§;:--..> Apoptosis Communication
proliferation V™.,
Cell Adaptive responses of
Differentiation differentiated cells

Fig. 1. Endogenous extra-cellular signals which can trigger various intra-cellular signal transducing mechanisms can either increase
or decrease gap junctional intercellular communication between the cells in a multicellular organism. Growth, wound healing tissue
repair, pattern formation or tissue differentiation, programmed cell death and adaptive responses of tissues occur when either there
is an up- or down-regulation of gap junction function. (Reproduced from Trosko. J.E., Inoue, T., 1997. Oxidative stress, signal
transduction, and intercellular communication in radiation carcinogenesis. [n: Dainiak. N, Schull, W.J., Karkanitsa, L., Aleinikova,

O.A. (Eds.), Radiation Injury and the Chernoby! Catastrophe, AlphaMed Press. Ohio. published as a supplement to Stem Cells
15(Suppl. 2):59-67).




Model gap junctions

)
<)
<)

Small ions and molecules pass through gap junction
channels, but macromolecules cannot.

Connexon 1 Connexon 2

Gap junctional channels are comprised of two connexons.
Each connexon contains six connexin subunits.

FIGURE 1. Model of gap junction particles embedded in the plasma membranes of two adjacent cells.




Gap junctions

interacting plasma membranes

channel
7z 1:8 AN

j US> connexon
two connexons in composed of

register forming six subunits
open channel between
adjacent cells

(A)

il

homomeric

]|

heteromeric homotypic heterotypic

connexins connexons intercellular channels
(B)

Figure 19-15. Molecular Biology of the Cell, 4th Edition.
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Figure 2 Assembly of connexins into gap junctions
Cx43 and Cx45, as examples of connexin family members, typical ly thread through the membrane four times, with the AT, CT and CL exposed to the cytoplasm. Connexin arrangement in the membrane

also yields two extracellular loops designated EL-1 and EL-2. Six connexins oligomerize into a connexon or hemichannel that docks in homotypic, heteratypic and combined heteratypic/heteromeric
arrangements. In total, as many as 14 different connexon arrangements can form when two members of the connexin family intermix.




v & ¢-Src kinase ill

Protein kinase C ..

MAP kinase £

+

Cdc2 kinase g
Casein kinase 1 { : g

Protein kinase A ¢

o & [ tubulin

. .
- & Caveolin-1

& NOV

Figure 4 Cx43-binding proteins

Protein kinases known to phosphorylate Cx43 are shown along the top of a diagrammatically represented gap-junction plague. A number of scaffolding proteins and proteins of unknown function
that have been shown to bind directly or indirectly to Cx43 are shown along the bottom of the gap-junction plague. It is important to note that it is not necessarily expected that all proteing shown
here bind to Cx43 while it is a resident of the gap-junction plague. MAP kinase, mitogen-activated protein kinase; CIP85, Cx43-interacting protein of 85 kDa.



Cytaplasmic

GAP

ExsraceBular

Cyraplasmi

Extracellular
AR AR &

Transmembrana || 151

(LA SRS A
Cytoplazmic

T o GEm T AT

Cylopasmic

Fig. 1. A schematic diagram of a gap junction plague joining the cytoplasm of two adjacent
cells (Cell 1 and Cell 2; top panel). The opposed phosphaolipid bilayers are traversed by
connexons that cluster and aggregate in the plane of the membranes to form a gap junction
plaque. Connexons from two adjacent cells form an intercellular channel that allows the
passage of small (s} molecules {up to 1.5 kDDa). such as Catt. IP:, and cAMP but not large
(L) molecules such as proteins from the cytoplasm of one cellto the other. Depending on the
type of connexin (for ex. black, grey, light grey), the connexon formed could be homomeric
or heteromeric and consequently the gap junction could be homotypic or heterotypic, with
sclective permeability (B & 1. Each connexon (middle panel) is made of six connexins
1.2, 3, 4. 5 and 6). Tangential twisting of the connexon mediates gap junction gating that
apens (left connexon ) or closes (right connexon) the hemichannel. Changes in cytoplasmic
pH and calcium (Ca) ion concentration. among other things, regulate gap junction function.
A connexin (lower panel) has four hydrophobic transmembrane domains two extracellular
loops (El and E2). one cytoplasmic loop of different lengths {indicated by connexin iso-
forms w. §, ¢ ). and M- and C-termini, both cytoplasmic. The main variation between the
different connexins resides in the C-terminal domain and the cytoplasmic loop. P indicates
phosphorylation sites (Adapted from (4)).
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Syntetické drahy konexinu a tvorba homo-
nebo hetero-bunécnych GJ struktur a jejich
partnerské vazebné molekuly.

Konexiny putuji z ER do Golgiho aparatu.
Vytvorené konexony jsou transportovany do
plasmatické membrany, kde se sdruzuji s
konexony sousednich bunék a tvori GJ kanaly.
Optimalni diferenciace savcich epitelidlnich
bunck v komplexnim prosttedi vyZaduje
regulovane vazby GJ ttvart s dalSimi proteiny
(beta-katenin, klaudin, okludin, tubulin).
Kromé toho musi byt funkcni dalsi vazby
zajist'ujici interakce bunka-ECM, adheze
bunka-bunka a signaly rozpustnych faktort.



Gap Adherens Tight
Junction Junction Junction

Figure 5 Junctional complexes arranged in a nexus

Gap junctions composed of connexins, adherens junctions consisting of cadhering and tight junctions made up of oceludins and claudins are often closely arranged in epithelial cells and share
commaon binding proteins that scaffold to actin and microfilaments. Binding-protein-mediated cross-talk allows these three junctional complexes to actas a nexus and be governed by some common

regulatory events.




Uloha ztraty heterologniho typu GJIC v karcinogenezi

Fig. 3. Putative role of the lack of heterologous type of GJIC in
tumorigenesis. Foci of tumor cells without (A) or with (B) capacity in
coupling homologously, that is among themselves, both do not
communicate heterologously with surrounding normal counterparts,
resulting in their autonomous selective outgrowth and malignisation.




Model rustové kontroly prostrednictvim gap junctions (GJ)

Rustové stimulac¢ni signal

Rustové stimulacni signal difunduje do sousednich bunék pres GJ a
dosahuje substimulacni urovné

K difuazi signalu nedochazi u bunék postradajicich GJ a je zahajeno
bunécné déleni



Model riustové kontroly prostrednictvim gap junctions (GJ)
Rustové inhibic¢ni signal

Rustové stimulacni signal difunduje do sousednich bunék pres GJ a
zabranuje bunécnému déleni

Signal se nesiri do bunék postradajicich GJ a dochazi k bunécnému
déleni
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A
Component Acquired Capability Example of Mechanism

Self-sufficiency in growth signals Activate H-Ras oncogene

Insensitivity to anti-growth signals  Lose retinoblastoma suppressor

Evading apoptosis Produce IGF survival factors

Limitless replicative potential Turn on telomerase

Sustained angiogenesis Produce VEGF inducer

Tissue invasion & metastasis Inactivate E-cadherin

e
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Figure 4. Parallel Pathways of Tumorigen-
esis

While we believe that virtually all cancers
must acquire the same six hallmark capabili-
ties (A), their means ot doing so will vary sig-
nificantly, both mechanistically (see text) and
chronologically (B). Thus, the order in which
these capabilities are acquired seems likely
be quite variable across the spectrum of can-
cer types and subtypes. Moreover, in some
tumors, a particular genetic lesion may confer
several capabilities simultaneously, decreas-
ing the number of distinct mutational steps
required to complete tumorigenesis. Thus,
loss of function of the p53 tumor suppressor
can facilitate both angiogenesis and resis-
tance to apoptosis (e.g., in the five-step path-
way shown), as well as enabling the charac-
teristic of genomic instability. In other tumors,
a capability may only be acquired through the
collaboration of two or more distinct genetic
changes, thereby increasing the total number
necessary for completion of tumor progres-
sion. Thus, in the eight-step pathway shown,
invasion/metastasis and resistance to apo-
ptosis are each acquired in two steps.




Rovnovaha v bunécnych populacich je udrzovana presnou regulaci procesi
proliferace (bun. cyklus), diferenciace a apoptozy
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Vztah mezi proliferaci, diferenciaci a apoptozou

|

differentiation

proliferation




RAKOVINA JE PROLIFERATIVNI CHOROBOU

Z4kladnim d&jem v zivoté buiiky je déleni. Retéz d&jii, ktery vede k replikaci DNA a
k d€leni bunky ma 4 zakladni ¢asti: vznik signalu, rozpoznani signalu, ptenos
signalu a odpoved.

Bunécné déleni hraje klicovou tillohu v kazdém stadiu vyvoje nadorii a je zcela
ziejme, ze zvySena proliferace mize zvySovat riziko malignity:

dalezita pro fixaci poskozeni DNA,

n usnadinuje mutagenezi (vyskyt a fixace mutact)

n umoznuje klonalni namnozeni iniciované bunky

n po vzniku dalSich mutaci je na ni zavisly prechod od neolastické populace

k malignite

Kromé toho Ize na malignitu pohlizet jako na

poruchu diferenciace, protoze

n malignita vznika z kmenovych bunck v dusledku maturacniho bloku,

n muze dojit k dediferenciaci zralych bunck, které si zachovaly schopnost
proliferace.

Tretim vyznamnym procesem, jehoz poruchy ovliviiuji vznik nadort je
programovana bunécna smrt-apoptoza.



Uloha bunécéné replikace v mnohastupnovém procesu karcinogeneze
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GROWTH FACTORS

[fos jun, myc

G1 PHASE

<>,

@ &y
MITOSIS @ ® checkpoint
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(033

G2 PHASE = S PHASE

The cell cycle, with controlling factors and main checkpoints for transition from one phase into the next.
MPF = M-phase promoting factor (p34 ana cyclin B); SPF = S-phase promoting factor; START = decision
point for division of differentiation; E2F = transcription factor involved in DNA synthesis; p107 = protein
related to Rb; p33 = cyclin-dependent protein kinase; p53/Rb = inhibitory proteins; CDK = cyclin-
dependent kinase; PCNA = proliferating cell nuclear antigen.




Poruchy normalné propojenych procestu proliferace a diferenciace + neprimérena
stimulace proliferace (prip. inhibice apoptozy) - vznik nadoru

Bunky se stavaji nadorovymi, protoze nejsou schopny diferencovat v odpoveéd’ na
prisluSné vyvojove signaly a tak ztraceji schopnost zastavit produkei ristove stimulacnich
faktort a aktivovat drahy prenosu signalt rustovych inhibitorti produkovanych
diferencovanymi bunkami (napt. exprese receptorti apod.)

AUTOKRINNI RUSTOVA ODPOVED - autokrinni smy¢ka - buiika exprimuje a je
stimulovana rustovym faktorem, stava se nezavislou na okolnim prosttedi - autonomie
PORUCHY V PARAKRINNI REGULACI - ovlivnéni produkce ristovych faktort
okolnich bunék (fibroblasty, endotelialni bunky, monocyty)

Zmény regulace exprese (nikoli biochemicke povahy) jednotlivych faktort.

Nadorove bunky produkuji fadu riistovych faktort a cytokinii:

TGFa - transforming growth factor alfa

basic fibroblast growth factor (bFGF)

Insulin-like factor

PDGEF - platelet derived growth factor

TGEp - transforming growth factor beta

PORUCHY PRODUKCE HORMONU —hormonalné z4vislé nadory

Uplatnuje se interference riiznych produktii nadorovych a normalnich bunék




Mechanismus mitogeneze v normalnich a transformovanych bunkach

B: Schematic representation of possible
perturbations of the growth factor related
mitogenic pathways in transformed cells: (1)
represents endogenous production of growth
factors that may stimulate the cell in autocrine
fashion. The endogenously produced factors
may be secreted and interact with growth
factor receptors at the cell surface (as shown)
or, alternatively, activate the receptor in an
intracellular compartment. (2) represents
production of the growth factors that may
mimic the functional activity of a growth factor
receptor. (3) represents production of factors
that may mimic the functional activity of a
regulatory component along the intracellular
messenger system.

A: Schematic representation of the
growth factor related mitogenic
pathways in normal cells: (1) represents
the growth factor per se, (2) the growth
factor receptor, (3) the intracellular
messenger system that transmits the
mitogenic signal from the receptor to
the nucleus.




VYVOJ TKANI SAVCU SE USKUTECNUJE V PROSTREDI
REGULACNICH RUSTOVYCH FAKTORU (ovlivnéni p¥eZivani, proliferace,
diferenciace)

CHOVANI BUNEK JE OVLIVNOVANO ROVNOVAHOU MEZI
STIMULACNIMI A INHIBICNIMI SIGNALY (nespecifické a specifické).
Hierarchicka struktura vyvoje tkani - obnovne bunécéne populace:

B kozni epitel

B strevni epitel

B krvetvorné systemy

B zarodeCné populace

KMENOVE MULTIPOTENTNI BUNKY (schopné sebeobnovy)
PROGENITOROVE BUNKY (vice diferencované, ¢aste¢né schopné délent)
ZRALE TERMINALNE DIFERENCOVANE BUNKY (nedélici se klidové buiiky,
v G, fazi)

Je nutne¢, aby byla dodrzovana prisna rovnovaha poctu a typt bunck v jednotlivych
kompartmentech.



Rovnovaha (homeostaza)

vysledek pusobeni mnohocCetnych zpétnych
vazeb




The early acting growth factor which

maximises host defense
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Model iniciace/promoce/progrese v karcinogenezi. B,, mira terminalni diferenciace a
smrti kmenové bunky; B,, mira smrti, ale ne term. Diferenciace iniciované bunky;
a4,mira bunééného déleni kmenovych bunék; a,, mira unééného déleni iniciovanych
bunék; p,, mira molekularnich déja vedoucich k iniciaci (tj., eventualné mutaci); p,, mira
vyskytu druhého zasahu v iniciované bunce.



Signalni drahy v normalnich burikach

STIMULATORY INHIBITORY
PATHWAYS Normal cell PATHWAYS

Growth factor e Inhibitor
(“go” signal) S : (“stop” signal)
' g

No growth
factor attaches

of stimulation 3 Cell cycle
by external A ; clock decides
growth factors ; B whether cell
; e i i should
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EXAMPLE OF ' '
STIMULATORY
ABNORMALITY

Cell divides
when it

“should not,
because
inhibitory

signal fails

to reach nucleus

EXAMPLE OF
INHIBITORY
ABNORMALITY

DIMITRY SCHIDLOVSKY




Odpovéd’ bunky na rustové stimulaéni a inhibién

14

a jeji poruchy v karcinogenezi

GROWTH FACTOR

STIMULATORY PATHWAY

GROWTH ~
FACTOR

RECEPTOR

EFFECT OF MUTATION IN
A RAS GENE

NO -
SIGNAL ABERRANT
RAS PROTEIN
\J ISSUES %HPOWTH%‘
IGNAL

9«3“‘ *Tsu_m%‘
@

NO
SIGNAL ¢ .l, v
CELL BEGINS TO
REPLICATE EXCESSIVELY

PROTEIN-THAT HELPS
CELLS DIVIDE i,

NORMAL CELL REPRODUCES ITSELF (sequence at top) in re-
sponse to stimulation by external growth factors ( green); it
stops dividing in response to inhibitory factors (red, far right).
For either reaction to occur, messages from the factors must
be relayed deep into the target cell (large panels). Many can-
cer-causing genes are abnormal versions of ones that code

for proteins in stimulatory pathways (left panel). The altered
genes, called oncogenes, cause stimulatory proteins to be

GROWTH-INHIBITING FACTOR

~ GROWTH-
INHIBITING
FACTOR

INTRACELLULAR
RELAYS

EFFECT OF MUTATION
IN P53 GENE

ABERRANT
P53 PROTEIN
1S UNABLE TO
» ACTIVATE GENES

PROTEIN THAT BLOCKS
i CELLS FROM DIVIDING

PROTEIN NEEDED TO STALL
CELL DIVISION IS NOT MADE

overproduced or overactive. In one example, mutation of a
particular ras gene can lead to synthesis of a hyperactive ras
protein (inset at left). Many other cancer-related genes code
for proteins in inhibitory pathways (right panel) and are of-
ten called tumor suppressors. Damage to these genes can
promote cancer if the defects prevent inhibitory proteins
from being made or functioning properly—as often occurs
when the p53 gene is mutated (inset at right).
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pro - TGFa

| latentni TGFf
v @ ktivace
/ proteolyza \i
® TGFa TGFp *

/

Transformace

Pozitivni/negativni ristova kontrola epitelialnich bunék. TGFa riastové stimulacni signal a TGFp
ristové inhibi¢ni signal v rovhovaze = normalni regulace ristu. Neoplasticka transformace vznika z
poruch v jednom nebo vice nasledujicich bodech: (1) akumulace pro-TGFa spojeného s plasmat.
membranou prilehlych bunék poskytujici dlouhodoby a lokalizovany pozitivni signal; (2) zmény v
receptoru pro EGF/TGFa vedouci ke konstitutivnhi aktivaci pozitivhich postreceptorovych drah
prenasejicich signal; (3) amplifikace hladiny TGFa mRNA vyustujici v pozitivni signal; (4) ztrata
schopnosti aktivovat latentni TGFpB; (5) ztrata receptord pro TGFB; (6) zmény negativnich
postreceptorovych drah prenasejicich signal. Vyjmenované zmény mohou prispivat k transformaci
epitelialnich bunék nerovnovahou pozitivnich a negativnich ristovych signalu.



INVASIVENESS GROWTH INHIBITION

MITOGENIC CIRCUITRY AND DIFFERENTIATION
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HORMONALNI KARCINOGENEZE

Hormonalné zavislé nadory (prsu, endometria, prostaty, varlat, stitné zlazy, kosti)
predstavuje ojedinély mechanismus karcinogeneze.

Endogenni a exogenni hormony podporuji proliferaci, zvysuji pocet bunécénych
déleni a pravdépodobnost nahodnych genetickych chyb.

Hormonalni stimulace plisobi v promoc¢nim stadiu a pokracuje do progresivniho
stadia.

Polygenni model a biomarkery

Neoplasie hormonalné zavislych tkani predstavuje vic nez 32% nové
diagnostikovanych nadorti u muzi a vice nez 40% u Zen. Geneticky zaklad hladiny
hormont je dilezitym rizikovym faktorem (polymorfismus metabolickych genii) a
dale se uplatnuji rizné vnéjsi faktory ovliviiujici hladinu hormont (dieta, fyz.
aktivita).

Dilezité charakterizovat geny odpovidajici za interindividualni rozdily v hladiné
hormontl a jsou zahrnuty v metabolismu a transportu hormont.

Multigenovy model predispozice k nadortim prsu, ktery obsahuje n€kolik genti
zahrnutych v biosyntéze, vazb¢ a transportu estrogenii. Geny endokrinni regulace,
Dalsi geny - reparace DNA, nadorové supr. geny a onkogeny.

BRCAI1 a 2 - nadorové supresorové geny - nadory prsu a vajecnik.




Nékteré signalni molekuly vazici se na molekularni receptory
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Figure 15-12 part 2 of 2. Molecular Biology of the Cell, 4th Edition.
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Model pusobeni jaderného receptoru pro tyroidni hormony

{b) Binding of TR in presence of TH —
coactivator recruitment — histone acetylation T —
open, active chromatin — transeription T

.,

{a) Normal chromatin: -
basal levels of histone
acetylation and transcription

| Coactivator ..
i complex ..~

TH response element

Binding of TR to DNA

{c) Binding of TR in absence of TH —
corepressor recruitment — deacetylated histones —
Nucleosome closed, repressed chromatin — no transcription

Chromatin

7).~ Corepressor:

Fig. 2. Model of the proposed action of nuclear thyroid hormone (TH) receptors (TR). Binding of TR to TH response elements of target
genes can occur in the presence (+ TH) or absence (- TH) of hermone. TR preferentially binds to DNA as a heterodimer with the retinoid
X receptor (RXR). Binding to DNA results in recruitment of coactivator or corepressor protein complexes, modification of chromatin
structure and the subsequent activation or repression of transcription. Note that this mode of action operates for the TRo1 and TR
isoforms. Structural changes in the carboxy-terminal domain of the TRo2 isoform prevent TH binding, resulting in inhibition of trans-
cription even in the presence of TH. T, process increased.

Dauncey MJ, Proc. Nutr. Soc, 60, 2001




Estradiol a v mensi mire ostatni steroidni hormony podporuji bunéénou
proliferaci, ktera usnadnuje fixaci genetickych chyb. Zarodeéné mutace v
prislusnych nadorové supresorovych genech urychluji transformaci do
maligniho fenotypu.

ESTRADIOL and OTHER STEROID HORMONES
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STIMULACE ESTROGENNIHO RECEPTORU

mRNA

/
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™
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GF — ristovy faktor, E2 — estradiol, R-E2 — estrogenni receptor,
ERE — responsivni element DNA, AP-1 —transkripcni faktor




Superrodina vnitrobunéénych receptoru
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Figure 15-13 part 1 of 2. Molecular Biology of the Cell, 4th Edition.

(A)
(B)
(®
(D)

Podobna struktura receptorti s vazebnou doménou

Receptorovy protein v inaktivni formé vazan na inhibicni proteiny
Po vazbé ligandu disociace inh. proteinu a navazani koaktivatoru k transkripci aktivujici domeéné receptoru
Trojrozmérnd struktura domény vazici ligand bez a s navazanym ligandem. Alfsa helix (modte) funguje jako vicko

zajistujici polohu ligandu

Figure 15-13 part 2 of 2. Molecular Biology of the Cell, 4th Edition.|




Odpovéd’ indukovana aktivaci hormonalnich receptoru

(A) EARLY PRIMARY RESPONSE TO STEROID HORMONE (B)
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Figure 15-14 part 1 of 2. Molecular Biology of the Cell, 4th Edition.
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Nadory endometria

Zvyseng riziko vzniku - expozice estrogeny nevyrovnavana progestiny.

Kombinovana antikoncepce estrogenu a vysokych davek progesteronu (od 21 do 28 dne
cyklu) snizuje riziko.

Dilezitym rizikovym faktorem je také obezita, ktera ovliviiuje produkci hormont. Vysokeé
riziko existuje u samostatné zijicich Zen a snizuje se s kazdym t€hotenstvim (vysoka hladina
progesteronu.

Nadory prsu

Estrogeny mohou indukovat a podporovat rozvoj nadorit mlécné Zlazy (dikazy u hlodavci).
Riziko- kumulovan¢ plisobeni estrogenti. Rany nastup menstruace a pozdni menopauza
maximalizuji po€et ovulacnich cykli. Prodlouzena laktace a fyzicka aktivita mohou pocet
cykli redukovat

Konzumace alkoholu (vice nez 60g alkoholu denn¢) - linedrni vzrist nadori - zvySovani
hladiny estrogenu v plasmé a hladinu tzv. insulin-like ristového faktoru. Primarnim
zdrojem estrogenu u Zen po menopauze je piemeéna androstenedionu na estron v tukove
tkani.

Nadory prostaty

Dulezita je biosyntéza, aktivace, inaktivace a transport androgenu. rizikovy faktor je vék a
etnicita (zvySeny vyskyt — Africané, Ameri¢ang)




Exogenni hormony

Existuji rozsahle vnéjsi zdroje steroidnich hormonii.

- hormonalni ndhradni terapie (HRT) a antikoncepce. Antikoncepce zahrnujici
estrogen a vysokeé davky progestreonu snizuje riziko vajecnikii a délohy. HRT
muiZze zvySovat riziko nadorti prsu, ale dikazy jsou mnohdy protichtidne. Riziko
predstavuje zejmena u zen s rodinou anamnézou nadorQl prsu.

Rada prirodnich latek piisobicich podobné jako hormony (hormon-like) miize
vykazovat take napft. estrogenni aktivitu

Poznatky o uloze hormont v karcinogenezi vSak neumoznuji jednoduse resit
tento fenomen, protoze to neni tak lehce modulovatelny faktor jako treba koureni.
JednoduSe nemtizeme odstranit nebo snizit endogenni hormony.

Nove strategie pro detekci a prevenci — biomarkery zvyseneho rizika napt.
specificky genotyp a nova chemoprevence.

Antihormonalni terapie (napt. tamoxifen, finasterid) zpomaluje proces progrese.
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