Vsechny formy rakoviny vznikaji jako smés dédi¢cnych zmén v bunécném genomu
vyskytujicich se ve vyvoji nadorovych bunék a epigenetickych zmén ve
stadiu nadorové promoce a progrese.

Hlavni G¢ineck NADOROVYCH PROMOTORU je specificka expanze iniciované bunécéné

populace v zasazené tkani. Faze je zpocCatku reversibilni, pozdéji ireversibilni.

Promotory se nevazi kovalentné¢ na DNA a nejsou mutagenni, pisobi na iniciovanou buiiku a zpiisobuji
dilezité¢ negenetické - epigenetické zmény (zmény v expresi genu).

Mohou vsak téZ ptisobit jinak na geneticky material: zptisobovat amplifikaci genti, synergicky plisobit s
viry a zvySovat transformaci. Tyto zmény asi odpovidaji za ireversibilni ¢ast promoce.

PROGRESORY jsou karcinogeny, nddorové promotory nebo hormony, které plisobi na nadorové
buiiky a pfeméiuji je na maligni. Mohou pusobit negenetické a genetick€é zmény v nadorovych
burikach. Progrese je charakterizovana vyskytem extensivni heterogenity v maligni bunééné populaci a
vznikem invazivity (metastazy).

KOKARCINOGENY - zvySuji hladiny bunéénych enzymi, které aktivuji karcinogeny
ANTIKARCINOGENY - chemicky se vazi na karcinogen, odbouravaji jej, tlumi enzymy aktivujici
karcinogeny nebo obsadi cilové misto (kompetitivni inhibice).




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

r [J

mezibunécéné a vnitrobunécneé.

Zivo&isné buiiky obsahuji systém proteintl. ktery jim umozZiiuje reagovat na signaly

jinych bunék.

Zahrnuje receptorové proteiny na bunécném povrchu nebo uvnitit bunék (v

cytoplasmé nebo v jadre). proteinové kindzy. fosfatazy. proteiny vazici se na GTP a

fadu dalSich vnitrobunécnych proteinu. se ktervmi tyto signaly interaguji.
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THE TUMOR SUPPRESSOR/
OMNCOPROTEIN NETWORK

Akt pramates cell survival by phospho-
rylation of substrates that decrease the
sctivity of pro-apaptotic of Increase
the ectivity of anti-apoptotic proteins,
Mdmz.is only one of many Akt sub-
strates. Normally phospho-inositide
3-kinase [Ptdins 3-kinase)-Akt
signaling suppresses pgy function
Phospharylation of Mdmaz by Akt
Induces Mdma translocation inte the
nuchews whers |t binds ps3 and targees
it for protessomal degradation,

The PTEN tumor suppressor protein
inhibits Ptdins 3-kinase signaling,
including activation of Akt, When
PTEM blecks the Ptdins 3-kinase-Akt
signaling pathway, Mdmz is restricted
ta the cytoplasm, whoro it is degraded,
Therefore, PTEN protects peg from
Mdmaz, allewing cells to respond to
DMA damape, The pos/Mdmz aute-
regulatory feedback loop is not
depicted for clarity. pr3 can also
induce PTEM, which may averride

the sutoregulatory feedback loap
amplifying ps3 function and prometing
a cellular apoptotic response

H | Sepiember 22, 2005

DYSFUNCTIONAL SIGNALING PATHWAYS IN CANCER

Go G1/5 Phase Transition

-
DNADamage 7/ ()

Semele

THE RB PATHWAY AND RB'S
MANY POTENTIAL FUNCTIONS

E2F transcription factors regulate the
expression of ganes, of which the
products are invelved in G1-5 phase
transition. The cell cycla phases are
depicted. Rb rigulates EzF-mediatad
transerption. Cyelin dependent kinases
{COK 4/¢ and others) regulate RE. COK
Inhibitors (P15, pi6, p18, p1g, pay, p7)
regulate COKs. Molecules in blue are
alterad in many tinos types fexcept
E2F). Rb may regulate many protesses
stich as apoptosis, DMNA replication,
C:MA repair, checkpoint control, and
differantiztion (in red). Regulation of
these precesses may be mediated
through E2F or l'hro-uEh Imteraction
with one or mere of the oo facters
with which RE nteracts.

Tl Scipntise

_ transcription ﬁ DMA Repair

Cell Cycle Arrest Apoplosis

by DNA Damage
Checkpoints

THE MAMMALIAN DNA DAMACE RESPONSE PATHWAY (DRP)

Prateins are shown at their approximate functional lacation. The general
organization of the pathway is accurate, however, some proteins are omitted

for clarity, DMNA damage or replication stress activates the DRP. Senser proteins
{green) sense the damage and activate franaducer proteing, such as the kinases
ATM and ATR (yellow]. These then transduce signals o ather kinases {Chki

ared Chkaj (yellow) or effecter proteins (purple) such as ps3, BROAY, Nbs ete,
Effectar proteins regulate cell oycle arrest, apoptosis, transcription, and DNA repair.

cell cycle

Sopteenby, 22 2003 The hearnine | 16




MEZIBUNECNE INTERAKCE v riistu a neoplasii

» uvolnéni rust modulujicich faktoru (hormont, ristovych faktort, inhibitoru, cytokinu,
eikosanoidl apod.) do krve (endokrinni regulace) nebo mezibunécného prostoru - tkanové

mediatory (parakrinni regulace)

» odpovédi bunék na slozky bunécnych membran sousednich bunck a na slozky
extracelularni matrix - kadheriny, integriny - dulezité z hlediska metastatického procesu

» piimy prenos signalll (malé¢ molekuly asi 1 kDa) mezi bunikami prostfednictvim
membranovych spojeni, tzv. gap junction

GJIC - gap junctional intercellular communication (homologni nebo heterologni) vytvareni
konexon1 z proteinti konexinu

Poruchy GJIC mohou vést k deregulaci ristu a k neoplasii - negenotoxické mechanismy
karcinogeneze




Formy mezibunéénych signal

(A) CONTACT-DEPENDENT

signaling cell target cell

/

membrane-

(B) PARACRINE

signaling
cell

; local
bound signal mediator
molecule
(C) SYNAPTIC (D) ENDOCRINE
endocrine cell hecepwl
target cell
neuron SYVIGERE
L _/?2 hormone ‘:
‘ - T ' ./ s X
axon target cell T =
cell
body

neurotransmitter

bloodstream

target cell

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




Autokrinni signal

Og® GG
@-@ O@

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

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




Vazba mimobunéénych signalnich molekul na povrchové nebo
vnitrobunééné receptory

CELL-SURFACE RECEPTORS

cell-surface plasma membrane
receptor

hydrophilic signali"“---.
molecule

INTRACELLULAR RECEPTORS

small hydrophobic
./ signal molecule

e .'r"_'.‘..,

s

"—.—.'-}"/ - P e
/

carrier protein ; .

\

] nucleus
intracellular receptor

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




Zjednodusené schéma vnitrobunééné signalni drahy
aktivované mimobunéénou signalni molekulou

EXTRACELLULAR
SIGNAL MOLECULE

RECEPTOR PROTEIN

SIGNALING PROTEINS

l
L]
A INTRACELLULAR
l
|

TARGET
- PROTEINS
metabolic gene regulatory cytoskeletal
enzyme protein protein
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 mimobunéénych signalech

A
\""m e — i =
B— \ ) = SURVIVE =» [
‘~ _______/' I\L_ ot
B— | | = DIVIDE ( P ol
D
., — '“‘.,._
B— | | - DIFFERENTIATE
> ST \
.
L G
.f"f Y apoptotic
| - DIE = Gg” H

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




Tri hlavni zpusoby mezibunééné komunikace

)
Nongenotoxic chemicals Endogenous regulators
(e.g.: TPA, DDT and (e.g.: hormones, growth
Phenobarbital) \ / factors, neurotransmiters)

Cell Extrace_llulta_lr
adhesion EOMUNIET s ¥
molecules 1 2 2L \ )

4 | (R
caz| i
Free pH CAMP : Cytoplasmic
| ._lradlcals P, | DG /_ receptor
sl
CR « < Second messages
A )
; C D B
\ 4 :
o)
O ol Inactive: Intracellular
N (A o OO proteln communication
4 | :
'.j— : Active i A alters membrane
: protein :  function
k ) \ : O / : . . .
: B activates inactive
e ;  proteins

Gap junction

Intercellular communication

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 signalové transdukce

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

aktivace specifickych receptort

produkce reaktivnich kyslikovych radikali (ROS)

zmény v metylaci DNA nebo v acetylaci histont

zmeény GJIC

zmény bunécného cyklu

zmény proliferace (regenerativni nebo mitogenni)

zmeény v apoptoze

zmény v rovnovaze vyustujici ve zménu obratu bunék ve tkani




environm. chemicals
drugs, radiation,

dietary PUFAs, fiber \ -
Y

changes of membrane

EXTRACELULLAR

. STIMULI  ---- /
N\ /, ‘//

hormones,

growth factors,

cytokines

S ,
,

membrane receptors

drug-and hormone

-

prooxidative/
antioxidative
balance

properties metabolizing enzymes

|

cytosolic receptors,
transcription factors (AhR, INTRACELULLAR

NF«B etc.) SIGNALLING
| PATHWAYS
nuclear receptors (PPARs, RXR, etc.)
RE transcription factors (AP-1, etc.)

INVIANVI/ANE

histone acetylation/ DNA methylation
deacetylation

~ =

ALTERED GENE EXPRESSION

on transcription, translational or post-translational levels

Main epigenetic (non-genotoxic) mechanisms involved in carcinogenesis




VYZNAM GJIC

udrzovani homeostazy ve tkanich
Siteni signall regulujicich proliferaci a diferenciaci mezi bunkami

Faktory inhibujici GJIC - umoznuji klonalni expanzi preneoplastickych bunék
» rustové faktory (EGF)

» negenotoxickée karcinogeny, nadorové promotory

» onkogeny -exprese nékterych onkogenu koreluje s redukei GJIC

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

Vyzkum genu pro konexiny - funguji jako nadorové supresorové geny - uplatnéni
v terapii




Gap junctional intercellular communication (GJIC) by mohla byt integrujicim faktorem, ktery
propojuje vSechny teorie karcinogeneze dohromady. Maji totiz zdsadni roli pti udrzovani tkanové
homeostazy a existuje fada dikazi na podporu jejich zasadni ulohy v tomto procesu.

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

rust. faktory a hormony majici nddorové promoc¢ni u€inky inhibuji GJIC

onkogeny jako jsou ras, raf, src mohou snizovat GJIC

nadorove supres. geny zvySuji GJIC

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

“antisense” geny pro konexiny mohou snizovat GJIC

B protinadorové latky a chemopreventivni agens zvySuji GJIC

B konexinové geny funguji jako nadorovée supresorové geny

B GJIC jsou dilezité pro adaptivni odpovéd’ 1 apoptozu

Snizovani GJIC exogennimi chemickymi promotory nebo endogennimi rist. faktory nebo hormony
vyZzaduje

B piekroCeni prahové davky

W stale, pravidelné chronické piisobeni

U vSech znamych epigenetickych a negenotoxickych latek existuji prahové hodnoty, pod nimiz je
burika schopna obnovovat sviij piivodni stav bez osudovych diisledkt. Je jasné, ze také rizné typy
chemikalii maji své prahové hodnoty pro modulaci GJIC a cytotoxicitu a ze také rizné Ziv. druhy a
riuzné typy bunék reaguji na tutéz latku rizné.




,Gap junctions“v bunééné homeostaze

Gap Junctions in Cellular Homeostasis

Toxic
Chemicals
\\ £ ‘ Extracellular
v € L
- Communication

Translational Regulators

Transcriptional Regulators }
Post translational Regulators
Intracellular
Communication
Biolo ical End Points
= v J Intercellular
Cell | CETPEL ‘.p ..... ) Apoptos]s COII]I'DUDiCBﬁOﬂ
proliferation V...
Cell ™. >Adapti»e 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 Chemobyl Catastrophe, AlphaMed Press. Ohio. published as a supplement to Stem Cells
15(Suppl. 2):59-67).




Model gap junctions

o
-]
O . .
-}
O .
O N
L]

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
1.5 nmin
diameter
gap of
2-4 nm !

two connexons in composed of
register forming six subunits
open channel between

adjacent cells

(A)
N
homomeric '
A I~ T
heteromeric homotypic  heterotypic
connexins connexons intercellular channels
(B)

Figure 19-15. Molecular Biology of the Cell, 4th Edition.




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 prostirednictvim gap junctions (GJ)

Riistové stimulacni signal

Rustové stimulacni signal difunduje do sousednich bunék pres GJ a
dosahuje substimula¢ni arovné

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

Cytoplasmic 0.
5 (Ca IR cAMP) CE” 2

Extracellular

Extracaliule

Tran e nranes

Cytaplasmic

Fig. 1. A schematic diagram of a gap junction plague joining the cytoplasm of tao adjacent
cells (Cell 1 and Cell 2; top panel). The opposed phospholipid bilayers are traversed by
connexons that cluster and ageregate in the plane of the membrane to form a gap junction
plagque. Connexons from two adjacent cells form an intercellular channel that allows the
passage of small (5) molecules {up to 1.5 kDa). such as Cat+. IP;, and cAMP but not large
(L) molecules such as proteins from the cytoplasm of one cell to the other, De pending on the
type of connexin (for ex. black, grey, light grey), the connexon formed could be homomeric
or heteromenc and consequently the gap junction could be homotypic or heterotypic, with
sclective permeability (0 & & J;I Each connexon (middle panel) i= made of =it connexins
(1.2, 3,4, 5, and 6}, Tangential twisting of the connexon mediates gap junctien gating that
opens (left connexon) or closes (right connexon) the hemichannel. Changes in ortoplasmic
pH and calcium (Ca)l ion concentration. among other things, regulate gap junction function.
A connexin (lower panel) has four hydrophobic transmembrane domains two extracellular
loops (E1 and EZ), one cytoplasmic loop of different lengths (indicated by connexin iso-
forms a. §, ¥ ). and M- and C-termini, both cytoplasmic. The main variation between the
different connexins resides in the C-terminal domain and the eytoplasmic loop, Pindicates
phosphorylation sites ( Adapted from (47},




= '3'31 Milk droglets

o

Fig. L Schematic diagram showing the synthetic pathway
of connexins and the assembly route into homocsllular (be-
tween epithelial cells or betaecen myoepithelial cells) or possi-
ble heterocellular (between epithelial and myoepithelial cells)
gap junctional (GJ) structures, and their known binding part-
ners. Connexins traffic from the ER to the Golgi. Connex-
ons pinch off in vesicles from the Golgi apparatus and are
transported to the plasma membrane where they alipn and
dock with other connexons from the neighbonng cell to form
a gap junctional channel. The precise localization and man-
ner of how connexin binding partners (e Sro, S-catenin, p-
1200 catenin, clandin, cccludin. and tubuling associate with the
C-terminus of connexin is not clear yet. Optimal mammary cp-
ithehal cell differentiation in a complex tissue environment re-
quires the proper assembly of gap junctional plaques with their
associated proteins in addition to proper cel/ECM interactions,
cellicell adhesion, and soluble factor signaling. BM, bascment

membrane.
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Rovnovaha v bunécénych populacich je udrzovana presnou regulaci procesu
proliferace (bun. cyklus), diferenciace a apoptozy

/ N\

- S i ]
G1 «——— GO0 — Diferenciace —> Senescence

f

Mitoza

./
N .
NN \
“ata Y \v/

G2 - ——--- >  Apoptéza




Vztah mezi proliferaci, diferenciaci a apoptozou

differentiation

%
apoptosis

= proliferation (necrosis)

b time (t) t,

A. Kozubik: BFU AV CR, 1999




RAKOVINA JE PROLIFERATIVNI CHOROBOU

Zakladnim d&jem v Zivoté buiiky je déleni. Retéz d&ji, ktery vede k replikaci DNA a
k déleni bunky ma 4 zakladni ¢asti:  vznik signalu, rozpoznani signalu, pfenos
signalu a odpovéd'.

Bunécné déleni hraje klicovou ulohu v kazdém stadiu vyvoje nadori a je zcela
ziejmé, Ze zvySena proliferace muze zvySovat riziko malignity:

dulezita pro fixaci poskozeni DNA,

n usnadiuje mutagenezi (vyskyt a fixace mutaci)

n umoznuje klonalni namnozeni iniciované bufiky

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

k malignite

Kromé toho 1ze na malignitu pohlizet jako na

poruchu diferenciace, protoze

n malignita vznika z kmenovych bunck v disledku maturacniho bloku,

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

Tretim vyznamnym procesem, jehoz poruchy ovliviiuji vznik nadoru je
programovana bunéc¢na smrt-apoptoza.




Uloha bunééné
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GROWTH FACTORS
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G1 PHASE -

GROWTH

§ FACTORS

S PHASE

G2 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 procesu proliferace a diferenciace + neprimérena
stimulace proliferace (prip. inhibice apoptézy) - vznik nadori

Bunky se stavaji nddorovymi, protoZe nejsou schopny diferencovat v odpovéd’ na
prislusné vyvojové signaly a tak ztraceji schopnost zastavit produkci rastové stimulacnich
faktort a aktivovat drahy prenosu signalu rustovych inhibitort produkovanych
diferencovanymi bunkami (napf. exprese receptoru apod.)

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

Zmény regulace exprese (nikoli biochemické povahy) jednotlivych faktora.

Nadorové bunky produkuji fadu rastovych faktort a cytokini:

TGFa - transforming growth factor alfa

basic fibroblast growth factor (bFGF)

Insulin-like factor

PDGEF - platelet derived growth factor

TGFp - transforming growth factor beta

PORUCHY PRODUKCE HORMONU -hormonalng zavislé nadory

Uplatiiuje se interference ruznych produkti 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 pfezivani, proliferace,
diferenciace)

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

B kozni epitel

B stievni epitel

B krvetvorné systémy

B zirodecné populace

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

Je nutné, aby byla dodrZzovana prisna rovnovaha poctu a typ bunck v jednotlivych
kompartmentech.




Rovnovaha (homeostaza)

vysledek pusobeni mnohoc&etnych zpétnych
vazeb




The early acting growth factor which
maximises host defense

GM-CSF
IL-3

1
s aie Cth:Gﬁ\

-CSF GM-CSF GM-CSF GM-CSF GM-CSF
-3 IL-3 IL-3 IL—Sl u.-3l

IL-3/1L-4

Myeloblast
IL-3/1L-4

y
Basophilic
Myelocyte

‘ IL-3/1L-4

Eosinophil Basophil

IL-3/1L-4

Myelocyte
GM-CSF GM-CSF
M-CSF L-5

~

e
— /




SMRT

TERMINALNi »
€) DIFERENCIACE | MUTACE
nebo
‘ INICIACE
B,

! . 3
i C%/%é
\ at

%ﬁ ® & & &

A AN AN AN
CICICRCICIOACICICRC

|

MALIGNI ZVRAT INICIOVAN
BUNKY

'1

SMRT

TERMINALNI DIFERENCIACE

INICIOVANA
BUNKA
\ N | seLekTivni
Ci KLONALNI
/ EXPANZE
INICIOVANYCH
é é > BUNEK nebo
v/ N\ Z '\ PROMOCE
& & &
/N /N L\ < MUTACE 2--n
b
GOGOGG <§/ PRgce;ROESE

Model iniciace/promoce/progrese v karcinogenezi. ,, mira terminalni diferenciace a
smrti kmenové bunky; B,, mira smrti, ale ne term. Diferenciace iniciované burky;
o4,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 buiice.
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Signalni drahy v normalnich bunkach
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a jeji poruchy v karcinogenezi

GROWTH FACTOR

STIMULATORY PATHWAY

GROWTH-INHIBITING FACTOR

GROWTH
FACTOR

RECEPTOR

INTRACELLULAR
RELAYS

EFFECT OF MUTATION IN
A RAS GENE

NO -of‘!!g%"' 4
SIGNAL ABERRANT TRANSCRIPTION

RAS PROTEIN : TOR
xl ISSUES GROWTH

DNA

R AR

Q PROTEIN THAT HELPS
CELLS DIVIDE il

INHIBITING
& FACTOR

INTRACELLULAR
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EFFECT OF gUTATlON
i IN P53 GENE
b v &
- THANSCRIPTION ABERRANT
FACTOR., n P53 PROTEIN
" 1S UNABLE TO

& ACTIVATE GENES

NUCLEUS \ E

NUCLEUS
o \‘
'PROTEIN THAT BLOCKS TZANY I
4z CELLS FROM DIVIDING ! \

CELL BEGINS TO
REPLICATE EXCESSIVELY

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

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).

JARED SCHNEIDMAN DESIGN

Odpovéd burnky na rustové stimulacni a inhibi¢ni signa

ly
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Potential positive/negative growth control of epithelial cells. TGFa provides a growth stimulatory
signal and TGFp provides a growth inhibitory signal resulting in normal growth regulation. Neoplastic
transformation may result from aberrations at one or more of the following points: (1) accumulation of
pro-TGFa embedded in plasma membranes of adjacent cells providing a prolonged and localized
positive signal; (2) alterations in the EGF/TGFa receptor leading to constitutive activation of positive
post-receptor signal-transduction pathways; (3) amplification of TGFa mRNA levels resulting in an
enhanced positive signal; (4) loss of the ability to activate latent TGFp; (5) loss of TGFp receptors; (6)
changes in negative post-receptor signal-transduction pathways. Alterations such as those indicated
above may contribute to transformation of epithelial cells due to an imbalance in positive and negative
growth signals.




HORMONALNI KARCINOGENEZE

Hormonalné zavislé nadory (prsu, endometria, prostaty, varlat, stitn¢ zlazy, kosti)
predstavuje ojedin€ély mechanismus karcinogeneze.

Endogenni a exogenni hormony podporuji proliferaci, zvySuji poCet bunécnych
déleni a pravdépodobnost nahodnych genetickych chyb.

Hormonalni stimulace ptisobi v promo¢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 gent) a
dale se uplatiuji rtizné vné;si faktory ovliviiujici hladinu hormont (dieta, fyz.
aktivita).

Dulezité charakterizovat geny odpovidajici za interindividudlni rozdily v hladiné
hormont a jsou zahrnuty v metabolismu a transportu hormont.

Multigenovy model predispozice k nadorim prsu, ktery obsahuje nékolik genu
zahrnutych v biosyntéze , vazb¢ a transportu estrogenti. Geny endokrinni regulace,
DalSi geny - reparace DNA, nadorové supr. geny a onkogeny. BRCA1l a 2 -
nadorove supresorové geny - nadory prsu a vajecniku.
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Nékteré signalni molekuly vazici se na molekularni receptory
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Figure 15-12 part 1 of 2. Molecular Biology of the Cell, 4th Edition.
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Figure 15-12 part 2 of 2. Molecular Biology of the Cell, 4th Edition.
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Estradiol a v mensi mire ostatni steroidni hormony podporuji bunéénou
proliferaci, ktera usnadnuje fixaci genetickych chyb. Zarode¢né mutace v
prislusnych nadorové supresorovych genech urychluji transformaci do
maligniho fenotypu.

ESTRADIOL and OTHER STEROID HORMONES
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STIMULACE ESTROGENNIHO RECEPTORU
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GF — rustovy faktor, E2 — estradiol, R-E2 — estrogenni receptor,
ERE — responsivni element DNA, AP-1 —transkripCni faktor




Superrodina vnitrobunéénych receptort
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(A) retinoic acid receptor DNA  Figure 15-13 part 2 of 2. Molecular Biology of the Cell, 4th Edition.
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Figure 15-13 part 1 of 2. Molecular Biology of the Cell, 4th Edition.

(A) Podobna struktura receptorti s vazebnou doménou
(B)  Receptorovy protein v inaktivni form€ vazan na inhibi¢ni proteiny
(C) Po vazbé ligandu disociace inh. proteinu a navazani koaktivatoru k transkripci aktivujici doméné receptoru

(D) Trojrozmérna struktura domény vazici ligand bez a s navazanym ligandem. Alpha helix (modie) funguje jako vicko
zajistyjici polohu ligandu
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Nadory endometria

Zvysené riziko vzniku - expozice estrogeny nevyrovnavana progestiny.

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

Dulezitym rizikovym faktorem je také obezita, ktera ovliviiuje produkci hormont. Vysoké
riziko existuje u samostatné zijicich Zen a snizuje se s kazdym téhotenstvim (vysoka hladina
progesteronu.

Nadory prsu

Estrogeny mohou indukovat a podporovat rozvoj nadoru mlécné zlazy (dikazy u hlodavci).
Riziko- kumulované plisobeni estrogenti. Rany nastup menstruace a pozdni menopauza
maximalizuji poCet ovulacnich cyklu. Prodlouzena laktace a fyzicka aktivita mohou pocet
cyklu redukovat

Konzumace alkoholu (vice nez 60g alkoholu denn¢) - linearni vzrist nadort - zvySovani
hladiny estrogenu v plasmé a hladinu tzv. insulin-like rtstového faktoru. Primarnim
zdrojem estrogenu u Zen po menopauze je preména androstenedionu na estron v tukové
tkani.

Nadory prostaty

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




Exogenni hormony

Existuji rozsahlé vnéjsi zdroje steroidnich hormoni.

- hormonalni nahradni terapie (HRT) a antikoncepce. Antikoncepce zahrnujici
estrogen a vysoké davky progestreonu sniZuje riziko vajenikt a délohy. HRT
muze zvySovat riziko nadora prsu, ale dikazy jsou mnohdy protichtidné. Riziko
predstavuje zejména u Zen s rodinou anamnézou nadoru prsu.

Rada pifrodnich latek ptisobicich podobné jako hormony (hormon-like) muiiZe
vykazovat také napt. estrogenni aktivitu

Poznatky o Gloze hormont v karcinogenezi vSak neumoznuji jednoduse feSit
tento fenomén, protoze to neni tak lehce modulovatelny faktor jako tfeba koureni.
JednoduSe nemuzeme odstranit nebo snizit endogenni hormony.

Nové strategie pro detekci a prevenci — biomarkery zvySeného rizika napf.
specificky genotyp a nova chemoprevence.

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




