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Nador, tumor, neoplazma, novotvar

- je nova a abnormadlni tkan v mnohobunééném organismu,
kterd v tomto organismu nema fyziologickou funkci a roste
neregulovanym zplsobem.

- je geneticky podminény abnormadlni prirtstek bunééné
tkanové hmoty klondlniho charakteru. Jeho rist neni v
koordinaci s rtstem okolnich tkdni a rovnovdaznym stavem
organismu.




Klasifikace nadoru:
(A) podle schopnosti infiltrovat se do jiné tkdné

Pseudotumory: ristem napodobuji tumory (cysty, hyperplasie,
polypy)

Prekancerdzy: morfologicky alterovanad tkan s vyssim rizikem
vzniku nddoru (CIN, Barretiv epitel)

Benigni (nezhoubné): zlstdvaji v misté svého vzniku, nemigruji,
neinvaduji jiné tkdne.
Maligni (zhoubné): pronikaji do okolnich tkdni a prostrednictvim

krevniho a lymfatického systému do celého téla, v novych tkanich
vyvoldvaji tvorbu sekunddrnich nddort (metastazi)

(B) podle ptivodu

Karcinomy: z epitelidlnich bunék (~ 90% nddori)
Sarkomy: z pojivovych tkdni (< 1% onemocnéni)

Leukemie: z hematopoetickych bunék



Kancerogeneze

je proces vzniku a vyvoje nddoru

je vicestupriovy proces

podstatou kancerogeneze je postupné hromadéni genetickych (a
epigenetickych) zmén
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Produktivni versus transformujici infekce

irus DRA
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The Nobel Committee for Physiclogy or Medicine 2008  lllustration: Annika Réhl




Normal cells Low=-grade changes

Easement membrane

Glandular
(ar columnar)
cells

Transformation Squamous
Zone cells
Surface Abnormal cells with mild
changes at the surface
High-grade changes Cancer Abnormalcells that have broken

through the basement membrane
/ into othertissue

TATA P97

Abnormalcells with more serious
changes extending to the surface



Molekularni model iniciace nadoru
(familiarni adenomatozni polypoza)
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Neoplasticka transformace
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Klonalita nddoru - CSC

Stochastic cancer model (no stem cells) Cancer stem cell theory

All cells in the tumour have the same ability to
contribute to tumour initiation and growth

Only a small subset of cells can initiate and maintain
tumour growth — cancer stem cells

Drugs that kill Tumor loses abiity to  _.and tumor

CSC-Targeted  tumor stemcells  generate new cells...  degenerates
Cancer )
Therapy
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Drugs that kill ...but not cancer Tumor shrinks,
tumor cells... stemn celis but grows back




Onkogeny

Protoonkogen je strukturni gen eukaryotické buriky,
ktery se svym translacnim produktem podili do
znané miry na requlaci déleni bunék a jejich
diferenciace.

Onkogen je protoonkogen pozménény nebo aktivovany
tak, Zze vyvoldva neoplastickou transformaci bunky.

Mutace protoonkogent jsou:
- aktivujici
- dominantni

- vyskytuji se v somatickych burikach a jen vyjimecné

v zdrodecnych bunkach [Vr'ozena citlivost k meduldrnimu
thyroidnimu karcinomu (MTC) je typickym pFikladem
hereditdrniho karcinomu zpusobeneho mutaci RET proto-
onkogenu. > prediktivni genetické vysetreni]




I. Fuze bunék

Nadorova burnka Normalni buiika
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Nadorové supresory

Produkty gent pro nddorové supresory

(antionkogeny) v norma

proliferaci, ale naopak |

ve stddiu klidu (6,). Jej

nich burikdach nevyvolavaji
i potlacuji a udrzuji bunky
ich ztrdta se projevuje

neregulovanou proliferaci.

Mutace nddorovych supresord jsou:

- inaktivujici

- recesivni (spojeno s LOH) (.recesivni onkogeny")
- vyskytuji se v somatickych a také v zdrodeénych

bunkach




Objeveni proteinu pS3

(Reprinted from Nature, Vol. 278, No. 5701, pp. 261-263, March 15, 1979)
© Maemillan Journals Lid.. 1979
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Virology. 1979 Oct 30; 98(2):308-18.
The SV40 A gene product is required for the production of a 54,000 MW
cellular tumor antigen. Linzer DI, Maltzman W, Levine AJ.



Pro¢ nebyla od pocatku objeveni proteinu
p53 jasna jeho funkce?

MoLecuLaRr AND CELLULAR BioLocy, Feb. 1988, p. 531-539
0270-7306/88/020531-09%02.00/0
Copyright © 1988, American Society for Microbiology
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Activating Mutations for Transformation by p53 Produce a Gene

Product That Forms an hsc70-p53 Complex with an
Altered Half-Life

C. A. FINLAY,! P. W. HINDS,' T.-H. TAN,! D. ELIYAHU,?> M. OREN.? anD A. J. LEVINE™*

Department of Molecular Biology, Princeton University, Princeton, New Jersey 08544, and Weizmann Institute of

Science, Rehovot 76,100, Israel

Received 21 September 1987/Accepted 31 October 1987

The 11-4 p53 ¢DNA clone failed to transform primary rat fibroblasts when cotransfected with the ras
oncogene. Two linker insertion mutations at amino acid 158 or 215 (of 390 amino acids) activated this pS3
c¢DNA for transformation with ras. These mutant ¢cDNAs produced a p53 protein that lacked an epitope,
recognized by monoclonal antibody PAb246 (localized at amino acids 88 to 110 in the protein) and

preferentially bound to a heat shock protein, hsc70. In ra
two populations of p53 proteins were detected, PAb246’
monoclonal antibody, respectively. The PAb246~ p53 pref
a half-life 4- to 20-fold longer than free pS3 (PAb246™). T
in the transformation process. cDNAs for p53 derived frc
rat cells in cooperation with the ras oncogene and produc
Recombinant clones produced between a Meth A cDNA 2
cells. A single amino acid substitution at residue 132

transformation. These studies have identified a region b«
which, when mutated, can activate the p53 cDNA. These
wild-type sequence is and whether a wild-type p53 gene ¢

REVIEW

p53: oncogene or anti-oncogene?

David P. Lane! and Sam Benchimol?

1990

Imperial Cancer Research Fund, Clare Hall Laboratories, South Mimms, Potters Bar, Herts EN6 3LD UK; 2The Ontario
Cancer Institute, University of Toronto, Toronto, Ontario, M4X 1K9 Canada

The products of two groups of DNA tumor viruses bind
p53

p53, a 375-amino-acid nuclear phosphoprotein, was first
detected because it formed a tight complex with the
S$V40 large-T antigen (Lane and Crawford 1979; Linzer
and Levine 1979) and therefore was coimmunoprecipi-
tated with anti-T antibodies from extracts of SV40-
transformed cells. This observation revealed the first ex-
ample of such a complex between a viral oncogene and a
host protein and served as a precedent for the discovery
of a large number of protein—protein interactions be-
tween the nroducts of oncoeenes and other proteins. For

frog, chicken, and bony fish. The frog and rodent prc
teins bind tightly to SV40 large-T antigen, whereas th
human and monkey proteins form a much less stabl
complex. Comparison of the amino acid sequences of al
these p53 proteins reveals five blocks of particularl
highly conserved sequence (for review, see Jenkins an
Sturzbecher 1988). Several of these blocks are importan
for the interaction with large-T antigen, leading to th
suggestion that they may represent sites of interactio
with host cell proteins that are mimicked by large-T ar
tigen.



TP53 is a Tumor Suppressor Gene

% mice with tumor

p53+/+ nesssdp 1% at 18 months
p53+/- nmesmp 2% at 9 months
p53-/- nesssdp 75% at 6 months

Donehower LA, Harvey M, Slagle BL et al. Nature (1992)



TP53 a vyvoj embrya

p53 +/+
mdm2 +/+

2
pS3
2
2

p53-/-
Mdm2 +/+ "

p53-/-
Mdm2 -/- ' .




Gen a protein p53

Gen leZi ha chromozomu 17 (17p13) a md 11 exont (z
nichZ prvni se neexprimuje).
Protein je jaderny fosfoprotein, 393 AA, 53 kDa.
- poprvé popsan jako protein interagujici s LT SV40
- jednd se o transkripcni faktor
- funguje jako tetramer
- konsensus sekvence: 5" - Pu-C(A/T)(A/T)G-Py - 3~

- mutace u cca 40% viech lidskych nddord







Posttranslacni modifikace p53

S6-CK1 p38, PKR, CK2- 5392
$9-CK1 PIAS1,UBC9, MDM2- L386
(-)SIR2, p300/CBP, MDM2- L382
S15-ATM, ATR, ATX, DNA-PK, p38 MDM2- 381
T18-CK1 PKC- S378
$20-Chk2, JNK, MAPKAPK2 PKC, GSK-3B- S376
$33-p38 p300/CBP, MDM2, NEDDS- L373
$37-ATR, DNA-PK SET9, p300/CBP, MDM2, NEDDS- L372 0
$46-p38, HIPK2 $149-CSN-K MDM2, NEDDS8- L370 Y
T55-TAF1, ERK2 T150-CSN-K L320-PCAF I
T81-JNK T155-CSN-K $315-CDK2, CDC2, GSK-3 A
% L305-p300 | | {(IB
i

50 100 150 200 250 300 350 393

? phosphate E acetyl ? ubiquityl ? sumoyl T neddyl ? methyl (alternative modifications)

Posttranslacni modifikace souviseji s regulaci aktivity a také stability
pb3.



Struktura proteinu p53
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Pathways of p53 Activation

Genotoxic stress

- N CK2 Non-genotoxic stress
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Inaktivace p53 v nadorech

* Mutace

+ Jadernd exkluze (37% zdnétlivych karcinomi prsu,
vice nez 90% nediferencovanych neuroblastomu)

- Interakce s virovymi onkoproteiny (LT SV40, E1B,
E6)

+ Amplifikace mdmZ2 (neuroblastomy), pripadné
mdmX (gliomy)



Frekvence mutaci p53 v nddorech

Prevalence of TPS3 mutations by tumor site

]

OVARY (2040 / 4264 ) {475 ]
COLORECTUM ( 5475 /12667 )
ESOPHAGUS (1772 /4110) 1 431 ]

HEADENECK ( 2116 5206 )
LARYNX (3104768 )

LUNG ( 2604 /6751 )
SKIN ( 756 /2157 )
PANCREAS ( 293 /904 ) | {324 ]

STOMACH (1097 /3432)

LIVER (101043171 )
BRAIN (1554 15756 )4
BLADDER ( 1031 /3911 )
BREAST ( 3424 /13660 )
UTERUS ( 231 £1128)

Tumor site (Samples mutated f Samples analyzed)

SOFT TISSUES ( 214 /1089 )
LYMPH NODES ( 301 /1575 ) 194
PROSTATE (193 /1106 ) | 175
ENDOCRINE GLANDS ( 104 1704 )
BONES ( 148 /1011 ) | {145 ]
HEMATOP. SYSTEM ( 762 /5979 )
CERVIX ( 70 /1198) (55 |
0 5 10 15 20 25 30 35 40 45 50

(C) IARC TPS3 Mutation Database, R12 release, October 2007



Typy mutaci p53

+  predevsim bodové missense mutace
+ kratké delece a inzerce (vice v okrajovych ¢dstech genu)

2% 14% 11%

2% 9% 7%

56% ), 30%

75%

2% 5%
p53(n=15,122) APC(n=15,451) ATM (n=617) BRCAT1 (n = 3,703)

in frame

frameshift [ | missense [l deletions/ [ nonsense [ silent [ splice site

insertions



Missense Mutations are Clustered
in the DNA-binding Domain

248
273
175
PN AW AW A y P Y
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Transactivation Proline-rich DNA binding Oligomerisation Regulation

(1-42: 43-62)  (65-97) (102-292) (323-356)  (363-393)

Mut. frequency 1% 2.3 % 80 % 3.4% 0. 3%

Missense mut. 50.8 % 45.4 % 82.1% 36.4% 72.7 %



Most Frequent Mutations Are In The
Loops That Make Contact With DNA

245 > 220 > 176




Biologicka aktivita TP53 Mutantu

Dominant Negative Mutant Temperature
p53 Sensitivity

v

DNA- *“

Binding,
Transactivation,
Repression

Growth suppression

Loss Of Function

Retained Function

v

Protein interactions

Transactivation,
Repression, ....

Gain Of Function

v

Growth promotion




Ztrata prirozené Gain of func

funkce /
Kumulacé ‘ m /
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Neschopnost vazby Spousténi ,cizich*

\

na své ,pfirozené“ sekvence promotoru



Prvni zminka o pojmu ,,Gain of Function*
proteinu p53

Different Tumor-Derived p53 Mutants Exhibit
Distinct Biological Activities 1990

ORNA HALEVY, DAN MICHALOVITZ, MOSHE OREN*

In its wild-type form, the protein p53 can interfere with neoplastic processes. Tumor-
derived cells often express mutant p53. Full-length mutant forms of p53 isolated so far
from transformed mouse cells exhibit three common properties in vitro: loss_of
transformation-suppressing activity, gain of pronounced transforming potential, and

" ability to bind_ the Lhc.atf%_l‘lpg.k:protvcin‘ cognate hsc70. A tumor-derived mouse p53
‘variant is now described, whose site of mutation corresponds to a hot spot for p53 in
human tumers. While absolutely nonsuppressing, it is only weakly transforming and
exhibits no detectable hsc70 binding/. The data suggest that the ability of a p53 mutant
to bind endogenous p53 is not the(s6l¢ determinant of its oncogenic potential. The
data also support the existence of gain-of-function p53 mutants.

Definitivni ustaleni pojmu ,,Gain of Function*
/ pro protein p53

Nature Genetics 4, 42 - 46 (1993)

Gain of function mutations in p53

Dirk Dittmer?, Sibani Pati!, Gerard Zambetti!, Shelley Chu?,
Angelika K. Teresky?!, Mary Moore?, Cathy Finlay! & Arnold J.
Levine! Department of Molecular Biology, Princeton
University, Princeton, New Jersey 08544—1014, USA




ARF ATM ATR Chk2 chk1

| :

| At q,q,q,“,““,s _ Stav genu
Hladina p53 mutace, delece, LOH
schopnost indukce izoformy

Posttranslacni modifikace

/ fosforylace Konformace
— acetylace
! Interakce s proteiny:
. I DNA vazebna transkripéni aparat
\ . kapacita stresové proteiny
. ] inhibiéni proteiny
| .
v |
v

Apoptoza

Zastava déleni
Reparace poskozeni

Terapie zalozena na stavu p53
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Aktivovatelny Neaktivovatelny




Screening malych molekul, které aktivuji p53
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P53 activity
Over 130,000 compounds screened

Lain S., Hollick 1]. et al. Cancer cell (2008)



p63 & p73 isoformy
alternativni sestrih a promotory

TP63/TP73

g

. -25% 65% i 35% % Identity

53 | : : _

= Transactivation = DONA binding I: Qligomerization

= Steric o-motif (SAM) D Post-SAM domain

Yang and McKeon, Nat Rev Mol Cell Biol. (2000)



TP53 rodina:
rozdilné funkce

TP53 TP63

zkracené koncetiny,
nemaji viasové folikuly,
zuby, prsni, slzné a
slinné zlazy

Zvysena citlivost ke
spontanni
kancerogenezi



EGFR Cyclin-dependent
inhibitors kinase inhibitors
: : Sustaining Evading
Aerobic glycolysis proliferative growth
inhibitors signaling suppressors

Deregulating Avoiding

cellular immune
energetics destruction
O =

Immune activating
anti-CTLA4 MAb

Resisting Enabling

Pro-apoptotic Telomerase

BH3 mimetics cell replicative Inhibitors
death immortality
Genome Tumo'r-
instability & ' promotln'g
mutation inflammation

PARP Inducing Activating Selective anti-
inhibitors angiogenesis invasion & inflammatory drugs
metastasis
Inhibitors of
VEGF signaling

Hanahan and Weinberg, 2011 PRESS

Inhibitors of
HGF/c-Met



I. Sobéstacnost pri tvorbé rustovych

° PR K =]
signalu
Normdini burika vyZaduje mitogenni ristové signdly s Nep——
X géagr?ujici tvorba signalu
/ / v o P v - l
Ndadorova bunka vykazuje vyrazné redukovanou ;?:"nggg‘{ S

zdvislost na exogennich ristovych stimulech.

detekce signalu

burika
prijimajici
signal

zpracovani
a prenos signalu

biochemicka odpovéd

Strategie:

» Tvorba vlastnich rustovych faktord

_
I

* Alterace v .downstream" signalizaci

Zesilena exprese

* Receptory na buné¢ném povrchu Strukturni zmeény

,Prepnuti” integrint



Receptory rustovych faktoru

Receptory po vazbé prislusného specifického faktoru prendseji ristovy
signdl jednou nebo vice kaskddami signalni transdukce. Nékteré povrchové
bunécné receptory maji jako integralni soucdast tyrozinkindzu ve

své cytoplasmatické doméné. Geny téchto receptoru se stavaji .
onkogennimi, kdyZ po mutaci zustdvaji receptory aktivni i v nepfitomnosti
havazaného ligandu.

rustové faktory: EGF
TGF q, atd. ‘

X

EGFR bunéc':n:él
membrana

Y

cytoplazma
EGFR
fosforylace

Ras
JAK PLCy
PI3K Raf
SlRC l MEK DAiG
STAT Akt ERK PKC
bunécna proliferace tumorigeneze bunécna proliferace maligni transformace

aktivace
protoonkogen(

regulace exprese
dal$ich genu

inhibice apoptozy
angiogeneze

zvySena schopnost
preziti



Hormonalni receptory

* Na povrchu bunék (transmembrdnové) i uvnitr
peptidové (G-sprazené receptory)
+ Délime na /
N steroidni (obv. solubilni proteiny)

Estrogenni receptory:
2 varianty: - G-sprazeny receptor (6PR30) - syntéza PIP3
- huklearni hormondlni receptor

/\

Genomicky Negenomicky
vazba na ERE, komplexy s G prot., TK >
iniciace transkripce MAPK, PI3K/AKT







aktivace
nezavisla
na ligandu

jadro

transkripce
---» cilovych gent

@ estrogen @ acetylace ----» transkripce

@ metylace @ fosforylace




Extracelularni matrix (ECM)

» Pletivo makromolekul vné bunék (bilkoviny,
glykoproteiny, proteoglykany a polysacharidy)
» Poskytuje mechanickou podporu pro buniky

» Ovliviuje chovani, proliferaci a diferenciaci
bunék, které jsou s ni v kontaktu

» Hlavnimi receptory bunék, které
zprostredkovavaji interakci bunék s ECM jsou
integriny




Integriny

Nepostradatelné komponenty vsech Metazoi (od
morskych hub po ¢lovéka)

Cleny velké rodiny transmembrdnovych proteind, které
jsou receptory pro adhesivni sekvence molekul
extraceluldrni matrix

Zprostredkuji prichyceni buriky k ECM nebo k jiné
burice a umoznuji prenos signdlu (informace) mezi ECM
a bunkou. Signalizace probihd jak z ECM do burky
(outside-in signaling), tak z buriky do extraceluldrniho
prostoru (inside-out signaling)

Heterodimerni molekula v které jsou o a B
podjednotky spolu nekovalentné vazany



Schematic drawing of a typical integrin dimer

04

H,N

4 cystine-rich
repeats

Plasma
membrane



Integrin “activation”

Activation




II. Ztrata citlivosti k signdlum
zastavujicim bunécny rast a proliferaci

* Burika je .prepnuta” antiproliferaénimi signdly z proliferace do
GO fdze, ale je stdle pripravena plsobenim dalsich
extraceluldrnich signdlt opét proliferovat

 V bunce dojde k permanentnimu zablokovani schopnosti
proliferovat vstupem do tzv. postmitotické faze, respektive
dojde k tfermindlni diferenciaci

||~ Nddorova burika musi obejit tento kontrolni
mechanismus: vyrazenim pRb drdhy

> kéduje tzv. retinoblastoma 1 protein (RB1, pRb) - reguluje bunéény cyklus
> v pripadé mutace --> retinoblastom (sporadicky x dédi¢ny, ..two hits" hypotéza)
> brani burikam v replikaci poskozené DNA - 61 blok



Vyjimky (,two hits™)

> Haploinsuficience - jedna funkéni alela neni dostateéna

> Imprinting - 1-2% lidskych genu, kdy jen 1 rodi¢ovska
alela aktivni. Napr. IGF-2, obvykle exprese otcovské alely,
pri ztrdté imprintingu a overexpresi --> Wilmstv tumor,
hepatoblastom, rhabdomyosarkom,... Priblizné 10% populace
konstitutivni ztrdta IGF-2 imprintingu (hypometylace) =
zvysené riziko ca kolorekta.

http://www.geneimprint.com

» Dominantné negativni mutace - vedou ke vzniku proteinu,
ktery neplni spravné svoji funkci a navic interaguje s
proteinem tvorenym funkcni alelou a tim ho inaktivuje.




Bunécny cyklus a nadory
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Deregulace b.cyklu u nadord

1. aberantni exprese pozitivhich reguldtort (cykliny)

2. ztrdta funkce negat. reguldtort (CDKT)

Table 1 Cell cycle regulators and cancer

Protein Chromosome Function Relevance in human cancer
Cyclin A 4(g25—q31) Complexed with CDK?2 and 1 to Overexpressed in some breast carcinoma,
regulate S phase and G—M hepatocellular carcinoma
Cyclin B1 S(qli—qter) Complexed with CDK1 to regulate Owverexpressed in some breast carcinoma
Ga—M
Cyclin D1 11gl3 Complexed with CDE4/6 to Overexpressed in multiple tumors, for
regulate early G; example, breast cancer, lymphoma,
parathyroid adenoma
Cyclin D2 12pl13 Complexed with CDE4/6 (in some Overexpressed in some colorectal cancers
cell types) to regulate early Gy
Cyclin E 19q12 Complexed with CDK2 to regulate Overexpressed in multiple tumors
late G; and the G;-S transition mncluding leukemias, carcinomas of the
breast, colon, prostate
CDK1 10 Complexed with cyclin Bl to Overexpressed in some breast cancers
regulate G—M
CDE4 1213 Complexed with D-type cyclins to Amplified in brain tumors, infrequently

regulate early Gy

mutated in melanomas




able 2 Cyclin-dependent kinase (CDK) inhibitors and cancer

rotein Chromosome

Function

Role in human cancer

Mouse knockout models

21CIP1 6p21

27TKIP1  12pl13
5TKIP2  11plas
16INK4a 9p2l

14ARF  9p2l

Binds to and inhibits
multiple CDK /cyclin
complexes and proliferating
cell nuclear antigen (PCNA)
to block Gy and S phase;
induced by p53

Binds to and inhibits
multiple CDK /cyeclin
complexes to induce Gy
arrest

Binds to and inhibits
multiple CDK /cyelin
complexes to induce Gy
arrest; imprinted

Binds to and inhibits
CDEK4/6 to induce G arrest

Blocks MDM?2 inhibition of
p53, thereby inducing Gy
and G- arrest

Rare mutations in prostate,
bladder and breast carcinomas

Loss of heterozygosity not
uncommon; variable loss of protein
expression in many malignancies

Few inactivations identified;
mutations found in patients with
Beckwith—Wiedemann syndrome

Frequently inactivated in cancers,
especially melanoma, pancreatic
adenocarcinomas, lung and
bladder carcinomas

Few exclusive deletions identified
in melanoma cell lines, gliomas;
targeted in acute T-cell leukemia

No spontaneous tumors, defective DNA
damage G1-S checkpoint; no tumor
SUPPressor

Gigantism, organomegaly, pituitary
hyperplasia/adenoma; haploinsufficient
IHmor Suppressor

MNeonatal lethality, developmental defects,
adrenal hyperplasia; no spontaneous
tumors

Low incidence of spontaneous tumors,
carcinogen-induced increase in
melanomas; cooperative effects with
haploinsufficient pl4ARF status

High incidence of spontaneous and
induced tumors; pl6INK4a™ pl19ARF
show very similar phenotype




Schéma funkce proteini E6 a E7 pri infekci

proteiny E6 a E7 high risk HPV jsou schopné transformovat zdravou bunkt
pouze v kooperaci
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ITT. Neomezeny replikacni potencidl

» Pokusy /n vitro na normdlnich lidskych diploidnich
fibroblastech ukdzaly, Ze bunééna kultura ma limitovanou
Zivothost - asi po B0-70 délenich se rust zastavuje, avsak
buriky mohou v 61 fdzi vydrZet az nékolik rokd.

» Pokud u dané populace dojde k danému poctu déleni,
prestdvaji se mnozit = senescence

> Napr. inhibici pRb nebo p53 mize dojit k opétovnému
déleni bunék = krize (masivni buné¢na smrt)

Nadorové burky proliferuji neomezené - jsou ,nesmrtelné”.



Senescence

Normialni bumlka Normsilni buika

Mnohonasobné nmtace: inaktivace
konirolmch bodn = insktvace
sepescence. Klony potencionalmch
transformovatelnych bunék se
mnod, spousta imék viak hyne V
prezviich unkach jsou telomery
zkraceny na kritickou delkn

Meprolomeni mechanismi

Bunécna smri

e s | | i

Senescentml

buila

déleni

>

Stres/kriticke rkracenl
telomer DA poskozend
—ijen jedna onkogenm
mutace mize véstk
senescenci

Zmrata funkce pl&/ED
& p53, prodélani
daliich PD

nahodna's nmtace
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Bunécns

Imortalizevane boaky



IV. Apoptoza

Fyziologicky proces udrzujici rovnovdhu mezi buné¢nym
ristem a smrti bunék

Kaskada reakci cysteinovych protedz (kaspdzy), vazba na
tzv. substraty smrti (proteiny cytoskeletu, proteiny ridici
opravu DNA, proteiny zabranujici apoptéze apod., Stépeni
DNA cca 180bp). V koneéném dusledku morfologické
zmeény - svrast’ovani bunék, apoptoticka téliska
—fagocytdza

Postupujici vék —pokles transkripéni aktivity gend
vyvoldvajicich apoptozu—napr. Snizend schopnost
likvidovat bunky imunitniho systému reagujici proti
vlastnim tkanim —autoimunitni onemocnéni



Ligandy smrti: TRAIL, FasL, TNF

Vnéjsi signdlni driha

Cytoplazmatickd membrana

t g ‘ Receptory smrti
Mitochondrie

Efektorové GG

kaspdzy

Proteolyza substratu

Vnitini signilni driha

Chemoterapie, radioterapie

poskozeni DNA. ?

ROS, hypoxie,
mitoticky arest

Endoplazmatické
retikulum

Pozdni faze

@2

.

Rana faze
membranové
&liska

kaspiz

Apoptoza

jadra

apoptoticka

fragmenty




Regulation of mitochondrial apoptosis

' Healthy cell .
. BCLXL BAX

BH3 activotor penstrotion of .. BAX/BAK pore THIOCHONGIS

outer membrane ® o
Q e
.
.S
conformational cytochrome c BCL-XL

change of BAX .

BH3 neutralizer

Induction of apoptosis



MAPK / Erk1/2

Zli:;ia/l:ﬁgt Signaling
AMPK p53 / Genotoxic
Signaling / Stress
l:rgigl: ; GBL mTOR Raptw
'PRAS40\
(Vps15)
PI3K I ¢ Avtovhady o @argt)

Induction

Bcl-2 — (Beclint)

4

Apoptosis

Membrane
Nucleation

C Sequestration =
Phagophore l / :
(Atg12; Lcan Autophagosome
\ t - \
A95 ) (Atg7) Fusmn
(Atg16) 4 :
| Atgd
(Atg3 " —
’Atg10 S -
i Atg7 Les-h Autophagolysosome

Lysosome



Autofagie

Tumour
growth

Tumour
suppression

© Cell survival during nutrient Autophagy © Cell growth control

and oxygen shortage O Mitochondrial quality control

© Cell survival during treatment (prevention of DNA-damaging stress)
with chemotherapy O Physiological autophagic cell death

© Prevention of apoptosis © Chemotherapy and radiation-induced

autophagic cell death

O Endogenous antigen presentation/
tumour immunity

O Inhibition of blood-vessel formation

cytoprotektivni odstranéni poskozenych
mechanismus X organel, redukce chrom.
(rezistence k terapii) nestability
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V. Angiogeneze (neokapilarizace, neovaskularizace)

* Proces novotvorby krevnich kapildr, diky této schopnosti
muZe nddor stimulovat okolni tkan k ristu cév, kterymi
mu je dopravovdna krev bohatad na Ziviny a kyslik

» Rostouci nddorové loZisko muze bez cévniho zdsobeni
dosdhnout velikosti pouze 1 - 2 mm3, kdy privod kysliku a
Zivin je mozny jesté difuzi z okolni tkdné

 Hypoxie, genetickd nestabilita --> ..angiogenni switch" 1.
novy fenotyp nddorovych bunék, suprese antiangiogennich
faktord (thrombospondinu), zvysend tvorba angiogennich
faktort. Buriky nddoru a sousedni endotélie se v tomto
smeéru vzdjemné ovliviuji parakrinni, ale i autokrinni
sekreci angiogennich faktord.



Role of hypoxia in Tumor angiogenesis

7R AL HRE RS

; Survival / Ang2
Glycolysis apoptosis NOS



NORMOXIA — SURVIVAL
HIGH HIE1G|  (VERY) LOW ps3.
- " Y SURVIVAL
HYPOXIA HIF-1a stabilization
p53 levels can be decreased
HIGH HIF-1c. HIGH p53
:YEI‘:S)F(‘IEA decreased HIF-1 activity due to competition with p53 for ——» APOPTOSIS
coactivators
p53 is stabilized
LOW HIF-1a. HIGH p53
ANOXIA p53-dependent HIF-1a degradation —p APOPTOSIS
Decreased pO,
Increased duration

Induction of protective, a_

Induction of pro-apoptotic genes




Drozofila jako model angiogeneze

Cévni system drozofily je mdlo vyvinut, ale dobrym
modelem pro savéi angiogenezi je na molekuldrni drovni
prekvapivé podobny hmyzi trachedlni systém. Podobné
jako u savcich cév - obecnad organizace tracheji
drozofily je uréena geneticky, ale jejich vétveni je
urcovadno tlakem O,.

Mutace riznych drozofilich gent U¢astnicich se
vyvoje tracheji a jejich savéi proteéjsky:

trachealess (homolog HIF),
branchless (FGF),
breathless (FGF receptor),

sprouty (ras interactor)



VI. Invazivita a schopnost metastdzovat
* Nejéastéjsi pricina dmrti
« Schopnost metastdzovat je jednim ze zdkladnich znakl malignity

nddorovych onemocnéni, rfada faktort (druh nddoru, velikost primdrniho
nddoru, angiogenni procesy)

« PFi vzniku metastdz hraji dileZitou dlohu chemokiny. Jde o
superrodinu prozdnétlivych cytokint, které selektivné pritahuji a
aktivuji rizné typy bunék tim, ze se vazi na specifické povrchové
receptory (G-protein)

SiFeni metastdz:

- lymfogenni - ndrodové bunky se Siri cestou lymfatickych cév do
lymfatickych uzlin. Nejbéznéjsi zplisob Sifeni epitelidlnich nadord.
 hematogenni - nddorové bunky se Siri krvi a zachycuji se v
kapildrdch. Nddory vychdzejici z pojivovych tkani a pokrocilé
nddory epitelové.

* porogenni (per continuitatem) - nddorové buriky se Siri
mechanicky preformovanymi dutinami. (nddory mozku nebo
vajecniku)




FMT

O

Tighl-junctio

Adherens-junction and
dissociation desmosome dissociation
EMT / = » EMT
‘ Epithelial markers Mesenchymal markers
- E-cadherin Fibronectin
Claudins Vitronectin
Occludins FSP1
- Desmoplakin Vimentin
Cytokeratin-8, -9 and -18 Smooth-muscle actin Mesenchymal cells
Mucin-1 FGFRZ 1llb and lllc splice vaniants
- MET effectors >/ NMET
Tight-junction formation, Adhesion
completion of cell- Cortical actin MFs
polarity programme

Desmosome
association

TF: Snail, Slug, Twist, Zeb1/2

Initial E-cadherin
adhesive contaclt

Rho-GTPase activation,
cortical-actin-cytoskeleton
reorganization,

adherens junction assembly

Copyright © 2006 Nature Publishing Group
Nature Reviews | Molecular Cell Biology



VII. Protinadorova

normalni
bunka
(APC)

Zpracovani a prezentace
vlastniho peptidu MHC gly-
koproteiny |. tfidy

MHC I. tiidy

normalni bunééné proteiny

maligni -
< zpracovani a prezentace
bunka f'-ﬂ mutovaného a vlastniho
peptidu MHC w-
glykoproteiny I. tfidy =

S R —————
AN MHC 1. tfidy

mutovany protein
(nadorovy antigen)

i

imunitni odpoved

NEJSOU PRITOMNY
CTL BUNKY REAGUJICI
PROTI VLASTNIMU
PEPTIDU (TOLERANCE
VLASTNIHO)

P 2 I -
I' »
) 0@ )
i %,
ROZPOZNANI S p
MUTOVANEHO PEPTIDU
(NADOROVEHO ANTIGENU)
CD8* CYTOTOXICKYMI T
LYMFOCYTY (CTL). LYSA

NADOROVE BUNKY



Protinddorova imunitni odpoved

Onkoproteiny

APC-aktivace > produkce IL-12

<
1 l
zvyseni produkce IEN d v qe
. ‘o y+<— podpora odpovedi
kostimulacnich molekul Thl-bunék
aktivace a proliferace - produkce IL-2

tumor-reaktivnich bunék
CD4+ a CD8+




Teorie protinadorového imunologického dohledu
(,cancer immunoediting")

adorové anti
> or‘? SRR karcinogeny 3
2 napf. | pS3 zéfeni 3
% IRb chronicky zanét o
B _ TRas geneticka zatéz =3
2 0 “viry g:
§ riziko: kyselina mocova, =

odpadni extracelularni produkty

{} eliminace rovnoviha unik
(protinadorovy dohled)

& e
[\

editace nadoru imunitnim systémem

navrat k normalu, preneoplazie neoplazie
nemoc nevznikd

W 0vr 1 - Teorie protinadoroveho dohledu, editace nadoru imunitnim systémem a klinicky koreldt jednotlivych stadii. Prevzato a upraveno podle Dunn a kol.



mys$ s MCA indukovanym
sarkomem “A”

chirrgicky
odstranény
nador

pivodniho  “naivni” - syngenni my$ syngenni my§
hostitele syngenni my$ imunizovanou Imunizovanou zabitymi
nadoru zabitymi nadorovymi nadorovymi burikami

burikami typu “A neprlbuzneho typu “B”

%%%

nador neroste nador roste nador neroste nador roste
(imunologické odhojeni) (imunologické odhojeni)

Dikaz: imunokompromitovani pacienti - 200krat vyssi
riziko vzniku nddorového onemocnéni



‘ ‘: Epithelial cell and basement membrane Endothelial cells and capillary support cells % Platelets and fibrin clot
g% (pericytes, smooth muscle cells)

Neutrophils aa Lymphocytes ? Mast cells/eosinophils/basophils @ % Cytokines/chemokines

Macrophage/monocyte .# Fibroblasts and fibrillar collagens Malignant epithelial cells




IX. Zmény v metabolické aktivite

Nekontrolovand bunééna proliferace je nejen spojend s
deregulaci kontroly bunééného cyklu, ale ma téz
zvysené ndroky na metabolickou aktivitu

Genetic alterations Tumour microenvironment
(affecting p53, MYC, (hypoxia, pH, nutrients
AMPK, PI3K and HIF1) and autophagy)
k y /;/_\bnormal_\\\ J
> | metabolic ':

'\\\phenotype_ > :

l Bioenergetics l ‘ Biosynthesis ‘ | Redox ‘

Nature Reviews | Cancer



a Quiescent normal cell

Lactate Glucose

Glucose ~ 18x vyssi (¢innost
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b Proliferating tumour cell

Lactate Glucose

Aerobni glykolyza (0. Warburg)
-GLUT1 (PET-FDG)
 Hypoxie

* Glykolytické intermediaty

Nature Reviews | Cancer



ROS vs. antioxidanty

* Proliferation
» Cell survival

ROS level

Cancer cell

* Metabolism

* Protein translation Antioxidants

Nature Reviews | Cancer



X. Genomova nestabilita

Funkénost genetickych repearénich mechanismt - vyskyt spontdnnich
mutaci je pomérné nizky > pri kancerogenezi musi dojit k vyrazeni
systému monitorujiciho genomovou stabilitu = "caretakers” of the
genome (Kinzler and Vogelstein, 1997)

Nejcastéji s e jedna o faktory zodpovédné za:

(1) detekci DNA poskozeni a aktivaci reparacni masinerie
(2) primo se podilejici na opravé poskozené DNA
(3) inaktivujici mutagenni molekuly drive nez poskodi DNA

Ztrata telomerické DNA u rfady nddort vede ke
karyotypické nestabilité a s tim spojenym amplifikacim
a delecim na chromozomech



