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Zivotni cyklus

Vyvoj a rust organismu - rovnovazny stav

(reparacni mechanismy, proliferace~bunécnad
smrt) - starnuti - smrt.

» Metazoa - krdtky Zivotni cyklus, dospéli jedinci
tvoreni prevazné post-mitotickymi burikami

« Obratlovci - delsi zivot, velka ¢ast bunék stdle
schopna déleni a proliferace

Vyvoj mnohobunécného organismu

1. Déleni (cleavage)
2. Pattern formation" - zajist uje, zaloZeni orgdnu na sprdavnych mistech

3. Organogeneze
4. Rust



Nador, tumor, neoplazma, novotvar

- je nova a abnormadlni tkan v mnohobunécném organismu,

kterd v tomto organismu nemd fyziologickou funkci a roste
neregulovanym zpusobem.

- je geneticky podminény abnormadlni pfirtstek bunécné
tkanové hmoty klondlniho charakteru. Jeho rust neni v
koordinaci s rustem okolnich tkani a rovnovdaznym stavem

organismu.




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

Benigni (nezhoubné): zlistdvaji v misté svého vzniku, nemigruji,
neinvaduji jiné tkané.

Maligni (zhoubné): pronikaji do okolnich tkani a prostrednictvim
krevniho a lymfatického systému do celého téla, v novych tkdnich
vyvoldvaji tvorbu sekunddrnich nddoru (metastazi)

(B) podle puvodu

Karcinomy: z epitelidlnich bunék (~ 90% ndadoru)
Sarkomy: z pojivovych tkani (< 1% onemocnént)

Leukemie: z hematopoetickych bunék



Kancerogeneze

je proces vzniku a vyvoje nddoru

je vicestuphovy proces

podstatou kancerogeneze je postupné hromadéni genetickych (a
epigenetickych) zmén
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Molekularni model iniciace nadoru
(familiarni adenomatozni polypoza)
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Objeveni onkogenul!

ONCOGENES OF RNA TUMOR VIRUSES AS
DETERMINANTS OF CANCER 1 9 6 9
By RoseRrT J. HUEBNER AND GEORGE J. TOpARO

VIRAL CARCINOQGENESIS BRANCH, NATIONAL CANCER INSTITUTE, NATIONAL INSTITUTES OF HEALTH,
BETHESDA, MAKYLANI»

Communicaled September 16, 1969

Abstract—Evidence from sero-epidemiological studies and from cell culture
studies supports the hypothesis that the cells of many, and perhaps all, verte-
brates contain information for producing C-type RNA viruses. It is postulated
that the viral information (the virogene), including that portion responsible for
transforming a normal cell into a tumor cell (the oncogene), is most commonly
transmitted from animal to progeny animal and from cell to progeny cell in a
covert form. Carcinogens, irradiation, and the normal aging process all favor
the partial or complete activation of these genes. An understanding of how
normal cells and normal animals prevent expression of endogenous viral informa-
tion would appear to offer one of the best hopes for the control of naturally oc-
curring cancers.

Jako prvni byly ve vztahu k tvorbé nddoru objeveny geny RNA viru
v genomu obratlovcl odpovédné za transformaci normdlni buriky
na bunku nddorovou (nazvané onkogeny), které byly castecné

nebo i kompletné aktivovdny karcinogeny, zdrenim nebo i normdlnim

procesem starnuti.

Co z toho vyplynulo?
Pochopeni mechanismu, kterymi se normdlni bufika brdni expresi

téchto endogennich virovych informaci, muze vést k nalezeni
cesty potencidlni terapie nékterych typu nadoru.



Onkogeny

Protoonkogen je strukturni gen eukaryotické bunky,
ktery se svym translacnim produktem podili do
znacné miry na regulaci déleni bunék a jejich
diferenciace.

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

Mutace protoonkogenu jsou:
- aktivujici
- dominantni
- vyskytuji se v somatickych bunkach a jen vyjimecné
v zdrodeCnych bunkdch [Vrozend citlivost k meduldrnimu
thyroidnimu karcinomu (MTC) je typickym prikladem

hereditarniho karcinomu zpusobeneho mutaci RET proto-
onkogenu. > prediktivni genetické vysetreni]




I. Fuze bunék

Nadorova bunka Normalni bufika

+— @

Hybrid




Vysledky fuze

Hybridni buriky rostou jako normalni bunky.

Charakteristika maligniho rustu je recesivni. Normadlni bufiky
potlacuji abnormdlni rust.

V pfipadé ztraty nékterych chromozomu, se maligni rust
Znovu projevi.

? Nesouhlasi s teorii 0 onkogenech



Nadorové supresory

Produkty genu pro nadorové supresory
(antionkogeny) v normdlnich burnikach nevyvoldavaji
proliferaci, ale naopak ji potlacuji a udrzuji burnky
ve stadiu klidu (G,). Jejich ztrdta se projevuje
neregulovanou proliferaci.

Mutace ndadorovych supresorl jsou:
- inaktivujici
- recesivni (spojeno s LOH) (.recesivni onkogeny")

- vyskytuji se v somatickych a také v zdrodecnych
bunkach




Objeveni proteinu p53

{ Reprinted from Nature, Val. 278, No. 5701, pp. 261-263, March 15, 1979)
© Maemillan Journals Lid.. 1979

T antigen is bound
protein in SV40-tr

THE early region of the smal Vel ky T antlgen
40 [SV40), is known to code |
and T antigens (‘small t" and ° N

are expressed in cells transfc

?‘u-m-lransmrmed mouse cell line il antiserum
itaterd by ac lirtle ag 1 0l of o rakhit

Virology. 1979 Oct 30;98(2):308-18.
The SV40 A gene product is required for the production of a&54,000 MW 4
cellular tumor antigen. Linzer DI, Maltzman W, Levine AJ.



ProC nebyla od poCatku objeveni proteinu
p53 jasna jeho funkce?

MoLecuLAR AND CELLULAR BroLoGy, Feb. 1988, p. 531-539
0270-7306/88/020531-09$02.00/0
Copyright © 1988, American Society for Microbiology

Vol. 8, No. 2

1988

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, Rehovor 76,100, Israel®

Received 21 September 1987/Accepted 31 October 1987

The 11-4 p53 cDNA 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 p53
¢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 pS3 proteins were detected, PAb246”
monoclonal antibody, respectively. The PAb246~ p53 pref
a half-life 4- to 20-fold longer than free p53 (PAb246*). T!
in the transformation process. cDNAs for pS3 derived frc
rat cells in cooperation with the ras oncogene and produc
Recombinant clones produced between a Meth A cDNA &
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

IImperial 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 oncogenes and other nroteins. 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 a.
these p53 proteins reveals five blocks of particularl
highly conserved sequence (for review, see Jenkins an
Sturzbecher 1988). Several of these blocks are importar
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.



Gen a protein p53

Gen lezi na chromozomu 17 (17p13) a ma 11 exonu (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 nadoru



Fyziologické podm inky Stresove podm inky
Nizka hladina p53 v jadre ZvysSeni hladiny p53
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Posttranslacni modifikace p53

$6-CK1
$9-CK1
$15-ATM, ATR, ATX, DNA-PK, p38
T18-CK1
$20-Chk2, JNK, MAPKAPK2
$33-p38

$37-ATR, DNA-PK

i

$46-p38, HIPK2 $149-CSN-K
T55-TAF1,ERK2 T150-CSN-K
T81-JNK T155-CSN-K

p38, PKR, CK2- 5392

PIAS1,UBC9, MDM2-L386

(-)SIR2, p300/CBP, MDM2- L382
MDM2-L381

PKC-S378

PKC, GSK-3B- 5376

p300/CBP, MDM2, NEDD8- L373

SET9, p300/CBP, MDM2, NEDDS8- L372

MDM2, NEDDS- L370

L320-PCAF \%

$315-CDK2,CDC2, GSK-3 |
L305-p300 | | ‘

{ Y%

50

100 150

? phosphate | acetyl ? ubiquityl ? sumoyl

200

250 300 350 393

o~ Y
| neddyl T methyl (alternative modifications)

Posttranslacni modifikace souviseji s regulaci aktivity a také stability

pb3.




Struktura proteinu p53

Ubiquitination
and degradation

regulatory
domain

Ing

Transcription
machinery
Expression DNA

of target genes binding
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Regulace stability p53

promotor mdm2-gen




Regulace bunécné lokalizace p53

p53 md na C-konci nékolik signdlu jaderné lokalizace - NLS, je po
syntéze transportovdn do jadra.

p53 md dvé sekvence pro export z jddra - NES: v oligomerizacni
doméné (ve funkcnim tetrameru odstinéno) a na N-konci v MDM2
vazebné doméné. Export zg’ddra je vyrazné potencovdn vazbou
MDM?2 (i kdyz vazba MDMZ neni podminkou) a také ovlivnén
fosforylaci v dané oblasti: fosforylace vyvoland stresem inhibuje
transport z jadra (vedle toho, ze znemoznuje vazbu MDM?2)

Popsdna kindza Parc, kterd zadrzuje p53 v cytoplasmé.

p53 funguje hlavné jako transkripcni faktor. Proc je regulovdn
export z jadra?

1. Je to dalsi mechanismus umoznujici presnou regulaci p53.

2. Export z jadra souvisi s néjakou dalsi funkci p53 v
cytoplasmé (apoptdza - lokalizace v mitochondriich).



Responses To pb53 Activation

ol

Protein Interactions

e
=
y

22
\ | Cell Cycle Arrest

Genomic integrity
Growth control

Harris CC and Levine AJ, Oncogene (2005)



Pathways of p53 Activation

Genotoxic stress

 Oncogenic stress. ATMIATR
N Chk2
- N CK2 Non-genotoxic stress
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The p53 pathway:
positive and negative feedback loops

PTEN —1 PIP3 » AKT
'Y

p21 ] CDK2

ﬁ WIP-1

p3SMAPK —

——
il

| p-catenin |

L )

SlAH-1

»CyelinG/PP2A

Harris SL and Levine AJ, Oncogene (2005)



TP53 is a Tumor Suppressor Gene

% mice with tumor

p53+/+ nesssdp 1% at 18 months
p53+/- nemmmp 2% at 9 months
p53-/- neesmdp 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 -- "




p53 izoformy

Human p53 gene structure

p53
P1' A40pS3 P2 A133p53 a

P1

12 mRNA
9 proteins
Putative p53 protein isoforms
Proline domain NLS
Wt p§3 i-i ® ] i | 53 kD
. T T < > @ >
Transactivation DNA Binding Domain Oligomerisation

331
ps3p [N NN | W e Bl OCTSFQKENC 46 kD

p53y [] BBV LOLRWCYFLINSS 46 kD
ad0p53  ATG 4ol I W b2 TN ] 48 kD
ad0ps53s ATG 40NN | NN BN ] T 3 rsraxenc 41 kD
A40p53y ATG 40NN | I W [} BB o RwevFLINSs 41KD
A133p53 ATG133 IR [ [ | 35 kD
A133p53p ATG133 IR ] [ | DATSFQKENC 25 kD
A133p53y ATG133 I ] B E oLrweyFLINss 25D

Bourdon JC., Fernandes K. et al. Genes Dev. (2005)



p63 & p73 isoformy
alternativni sestfih a promotory

T =

, -25% B5% : 35% % Identity

55 I I I _

= Transactivation = DMNA binding [ Oligomerization

= Steric a-motif (SAM) D FPost-SAM domain

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



TP53 rodina:
rozdilné funkce

TP53 TP63

zkracené koncetiny,
nemaji vlasové folikuly,
zuby, prsni, slzné a
slinné Zlazy

Zvysena citlivost ke
spontanni
kancerogenezi
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Inaktivace p53 v nddorech

- Mutace

- Jaderna exkluze (37% zanétlivych karcinomu
prsu, vice nez 90% nediferencovanych
heuroblastomu)

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

+ Amplifikace mdmZ (neuroblastomy), pfipadné
mdmX (gliomy)



Frekvence mutaci p53 v nadorech

Tumor site (Samples mutated ! Samples analyzed)

Prevalence of TPS3 mutations by tumor site

ONARY (2040 14264 1 | | 4?,al |
coLorecTuM ( 5475 /12667 ) SR - - |
ESOPHAGUS (1772 /4110 ) F{a31]
HEADSHECK ( 2116 § 52061 (405 |
LARYHNE ¢ 3107768 ) (40,4 ]

LUMG ( 2604 /6751 )
SKIN( 756 {2157 )

PANCREAS (293 /904 )
STOMACH (1097 / 3432 )

LIWER (101043171 )
BRAINC 1554 /5756 1§

BLADDER (1031 /3911 )
BREAST ( 3424 /13660 )
UTERUS [ 231 /1128 -

SOFT TISSUES (214 /1083 )
LYMPH NODES { 301 /1575 )4
PROSTATE (193 /1106 )
EMDOCRINE GLANDS (104 /704 )
BOMES ¢ 148 /1011 )

HEMATOR. SYSTEM ( 762 /5979 )
CERWIY ( 7071198 )

[C) IARC TPS3 Mutation Database, R12 release, Cctober 2007




Mutations of p53

. Silent
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Nonfuctional



Silent mutace

pre-mRNA
5" UTR Exon Intron Exon Intro Exon 3" UTR
mRNA
Higher Mdm?-p53 mRNA
P53 affinity stimulates p53 » Tumour suppression
turnover rate and promotes
. pa3 activity.
p53 mRNA i | ‘.‘“
AUG

Mdm? mteracts directly with the p33
mENA and p33 protein controlling
P33 turnover rate.

Lower affinity seen 1n silent
P53 mutants leads to a lower
P33 tumover rate and impaired
P53 activity.

+ Tumour growth



Typy mutaci p53

+  predevsim bodové missense mutace
+ krdtké delece a inzerce (vice v okrajovych castech genu)

4% -
495 9% 2% 5%
p53 (n=15,122) APC (n=15,451) ATM (n=617) BRCA1 (n=3,703)
in frame

[ frameshift [ | missense [l deletions/ [ nonsense [ silent [ | splicesite

insertions



Missense Mutations are Clustered
in the DNA-binding Domain

248
273
175
Transactivation Pproline-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

Codon: ol > 28N - 273 - [282 . 249N .| 245 . [220 | - 176



NH2

Mutacni spektra p53

200

300

All Tumors

COOH

NH2

NH2

NH2

NH2

Breast Tumors
: s o} L:l L‘_AU.L_Lm_,l_A_coon

100 200 300
} } L Colon Tumors
T -~ COOH
100 200 300
Liver Tumors
e ul b ] Jum : COOH
100 200 300

Lung Tumors

COOH



Priklady nadorové specifickych
mutaci

Source Mutagen Adduct TP53 pattern

of the E'.Illh:roin;;tngtﬁgi;:ﬂrum M
Various codons
UV_ _ AV TN Skin cancer: 7%
radiations e e o Other cancers: 0%
Mear Far Extreme
LV U U :
0 =] GtoT
. Codon 249
Aflatoxins ‘ Liver cancer: >50%
Other cancers: <2%
QCH5
PM:3123
1 GtoT
2 Codons 157, 158, 248, 273
Tobacco © 3 Lung cancer: 30%
smoke © 4 g Other cancers: <10%




A Specific Mutation Pattern In
Lung Cancer from Smokers




Biologicka aktivita TP53 Mutantu

Dominant Negative Mutant Temperature
p53 Sensitivity

v

DNA- *

Binding,
Transactivation,
Repression

v

Growth suppression

Loss Of Function

Retained Function

v

Protein interactions

Transactivation,
Repression, ....

Gain Of Function

v

Growth promotion




defektniho
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Prvni zminka o pojmu ,Gain of Function®
proteinu p53

Different Tumor-Derived p53 Mutants Exhibit
Distinct Biological Activities 1990

A 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
3511435)’30bmdthﬁ:hcatShOSkErotcmCOgnatc 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(s6lé determinant of its oncogenic potential. The
data also support the existence of gain-of-function p53 mutants.

Definitivn i ustalen pojmu ,Gain of Function®
7 pro protein p53

Nature Genetics 4, 42 - 46 {993

Gain of function mutations in p53

Dirk Dittmer 1, Sibani Patit, Gerard Zambettit, Shelley Chd,
Angelika K. Teresky!, Mary Moore?, Cathy Finlay! & Arnold J.

Levinel Department of Molecular Biology, Princeton
University, Princeton, New Jersey 085441014, USA
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. Hladina p53 mutace, delece, LOH
schopnost indukce izoformy

Posttransla ¢ni modifikace

/ fosforylace Konformace
g acetylace
Interakce s proteiny:
DNA vazebna transkrip €ni aparét
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Screening malych molekul, které aktivuji p53

P53 activity
Over 130,000 compounds screened

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



p53 cilend lécba

Camptothecin Roscovitine

Topoisomerase Cdk7/97?

3391 Tojjo1 \( Cdk7/9? DRB
—{roies | (Yo

A A

mdm?2 crml

Nutlin 3 A « Leptomycin B




Cyclin-dependent
kinase inhibitors

EGFR
inhibitors

Sustaining Evading
Aerobic glycolysis proliferative growth Immune activating
inhibitors signaling suppressors anti-CTLA4 MAb

Deregulating

cellular
energetics

Pro-apoptotic Resisting ST Enabling Telomerase
BH3 mimetics cell > NS replicative Inhibitors
death ’ immortality
~
22,
Genome
instability & Ny
mutation -

PARP Inducing Activating Selective anti-
inhibitors angiogenesis invasion & inflammatory drugs
metastasis

Inhibitors of Inhibitors of
VEGF signaling HGF/c-Met

Hanahan and Weinberg, 2011 PRESS




I. Sobéstacnost pfi tvorbé rustovych
signalu
Normalni bunika vyZaduje mitogenni rustové signdly
X

Nddorova bunka vykazuje vyrazné redukovanou
zdvislost na exogennich rustovych stimulech.

Strategie:

» Tvorba vlastnich rustovych faktoru

/ Zesilena exprese
\ Strukturni zmeény

* Alterace v .downstream” signalizaci

* Receptory na bunécném povrchu

,Pfepnuti” integrinu



Rustové faktory

Onkogeny jen zfidka vznikaji z genu kédujicich
rustové faktory. Je to kupf. sis-onkogen, ktery
kéduje syntézu rustového faktoru odvozeného od
krevnich desticek (PDGF).Ten se muze navdzat na
prirozeny PDGF-receptor a navodit maligni
transformaci bunky.

Prikladem autokrinni stimulace (autostimulace) je
sekrece transformujiciho rustového faktoru

TGFa; jde o analog EGF, ktery je secernovan
radou nddorovych bunék a ktery se vaze na EGF-

receptor, havozuje tak jeho trvalou stimulaci.



Receptory rustovych faktoru

Receptory po vazbé prislusného specifického faktoru prendseji
rustovy signdl jednou nebo vice kaskadami signdlni tfransdukce.
Nekteré povrchové bunécné receptory maji jako integralni soucdst
tyrozinkinazu ve své cytoplasmatické doméne. Geny techto
receptoru se stavaji onkogennimi, kdyz po mutaci zustavaji
receptory akftivni i v nepfitomnosti navazaného ligandu.
Jinym prikladem je produkt erbA onkogenu, jehoz proto-onkogen
kéduje intracelularni receptor pro hormon stitné zlazy. Vazba
hormonu transformuje receptor na transkripcni faktor. Onkogenem
Eozmeneny receptor (ErbA), ktery pusobi jako negativni faktor,
ompetuje s endogennim tyreoiddinim receptorem, a dusledkem je
ushadneni buneécného rustu.

EGF Protoonkogen

pro receptor neu
r— delece
\ I
\ o
— A

g \  membrana /%_Z_?Vﬂf +in
' 9

= T r
\—omikaproce C’g\) Tyresin-
kﬁH@ \  aytosal “T ] it

kinasy

Cnkogen

pro receptol

I
_‘_\:L
E:_—%

f‘r

%ﬂ: ErbB mﬁé 13



Hormonalni receptory

« Na povrchu bunék (transmembranové) i uvnitr
peptidové (G-spfaZené receptory)

e Délime na ./

N steroidni (obv. solubilni proteiny)

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

/\

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




II. Ztrata citlivosti k signalim
zastavujicim bunécny rust a proliferaci

« Bunka je .prepnuta” antiproliferacnimi signdly z proliferace do GO
faze, ale je stdle pfipravena pusobenim dalSich extraceluldrnich
signdlu opét proliferovat

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

||‘ Nddorovd bunka musi obejit tento kontrolni
mechanismus: vyrazenim pRb drdhy

» kdduje tzv. retinoblastoma 1 protein (RB1, pRb) - reguluje bunécny cyklus
> v pfipadé mutace --> retinoblastom (sporadicky x dédicny, ..two hits" hypotéza)
» brdni bunkadm v replikaci poskozené DNA - G1 blok



Vyjimky (.two hits"™)

> Haploinsuficience - jedna funkcni alela neni dostatecna

> Imprinting - 1-2% lidskych genu, kdy jen 1 rodicovska
alela aktivni. Napf. IGF-2, obvykle exprese otcovské alely,
pfi ztraté imprintingu a overexpresi --> Wilmsuv tumor,
hepatoblastom, rhabdomyosarkom,... Priblizné 10% populace
konstitutivni ztrata 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 nddory




Deregulace b.cyklu u nadoru

1. aberantni exprese pozitivnich regulatoru (cykliny)

2. ztrata funkce negat. reguldtoru (CDKI)

Table 1 Cell cycle regulators and cancer

Protein Chromosome Function Relevance in human cancer
Cychin A 4(q25—q31) Complexed with CDK2 and 1 to Overexpressed in some breast carcinoma,
regulate S phase and G--M hepatocellular carcinoma
Cychn B1 S(gql3—qter) Complexed with CDK1 to regulate Overexpressed in some breast carcinoma
G+—M
Cychin D1 11gl3 Complexed with CDK4/6 to Overexpressed in multiple tumors, for
regulate early G, example, breast cancer, lymphoma,
parathyroid adenoma
Cychin D2 12pl13 Complexed with CDEK4/6 (in some Overexpressed in some colorectal cancers
cell types) to regulate early G,
Cychn E 19q12 Complexed with CDK2 to regulate Overexpressed in multiple tumors
late Gy and the G,-5 transition mcluding leukemias, carcinomas of the
breast, colon, prostate
CDK1 10 Complexed with cyclin Bl to Overexpressed in some breast cancers
regulate Go—M
CDE4 12q13 Complexed with D-type cyclins to Amplified in brain tumors, infrequently

regulate early G,

mutated in melanomas




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

'rotein Chromosome  Function Role in human cancer Mouse knockout models

21CIP1 6p21 Binds to and inhibits Rare mutations in prostate, Mo spontaneous tumors, defective DNA
multiple CDK /cyclin bladder and breast carcinomas damage G—S checkpoint; no tumor
complexes and proliferating SUppressor
cell nuclear antigen (PCNA)
to block Gy and § phase;
induced by p53

27KIP1  12pl3 Binds to and inhibits Loss of heterozygosity not Gigantism, organomegaly, pituitary
multiple CDK /cyclin uncommon; variable loss of protein  hyperplasia/adenoma; haploinsufficient
complexes to induce Gy expression in many malignancies  tumor Suppressor
arrest

STKIPZ  11plas Binds to and inhibits Few inactivations identified; Neonatal lethality, developmental defects,
multiple CDK feyclin mutations found in patients with  adrenal hyperplasia; no spontaneous
complexes to induce Gy Beckwith—Wiedemann syndrome  tumors
arrest; imprinted

16INKd4a 9p2] Binds to and inhibits Frequently inactivated in cancers, Low incidence of spontaneous tumors,
CDEK4/6 to induce G, arrest especially melanoma, pancreatic carcinogen-induced increase in

adenocarcinomas, lung and melanomas; cooperative effects with
bladder carcinomas haploinsufficient pl4ARF status
14ARF  9p2] Blocks MDM2 inhibition of Few exclusive deletions identified  High incidence of spontaneous and

p33, thereby inducing Gy
and G» arrest

in melanoma cell lines, gliomas;
targeted in acute T-cell leukemia

induced tumors; pl6INK4a™ pl9ARF ™~
show very similar phenotype




Schéma funkce proteinii E6 a E7 pri infekci

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

» Pokusy /n vitro na normadlnich lidskych diploidnich
fibroblastech ukdzaly, ze bunécna kultura mad limitovanou

zivotnost - asi po 50-70 délenich se rust zastavuje,
aviak buriky mohou v 61 fazi vydrzet az nékolik roku.

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

> Napf. inhibici pRb nebo p53 muze dojit k opétovnému
déleni bunék - krize (masivni bunécna smrt)

Nadorové bunky proliferuji neomezené - jsou ,nesmrtelné”.



Starnuti organismu

« Multifaktoridlné podminéné deéje —dlouhovékost je schopnost
jedince udrzet homeostdzu obrannymi a reparacnimi mechanismy

« Rychlost stdarnuti je fizena

a) genetickou slozkou - reparacni mechanismy, antioxidacni
obrana, polymorfismy .genu dlouhovékosti" (apolipoprotein E2,
SNP192 genu kédujiciho paraoxonasu)
b) slozkami vnéjsSiho prostredi— zivotni styl (télesnad aktivita,
regulovany pfijem potravy)

« S postupujicim vékem se objevuji funkcni i morfologické zmény
skoro ve vech orgdnech a tkanich. Tyto zmény maji sviuj podklad
predevsim ve stdrnuti bunék.



Stérnuti bunék

Hlavni mechanismy stdrnuti:

* Alferace nebo ztrdta genu pro regulaci bunécného rustu (c-fos
nebo RB-1), ¢i indukce inhibitori bunécného rustu

« Replikativni starnuti (telomery)
« Apoptdza
« Neenzymova glykace proteinu (posttr. modifikace > AGE products)

* Volné radikdly (ROS) 1. Peroxidace - poskozeni NK, denné 10000
alteraci DNA bazi v jedné bunce, s vékem prudky ndrust; 2.
oxidaCni modifikace proteinu > degradace vlivy prostredi - ion.
zareni

e Zmény v indukci Hsp proteinu (Hsp70)



Senescence

Normalni buika Normilni builks

Mnohonasobné nmtace: inaktivace
kontrolmach bodi = insktivace
sepescence. Flony potencionalmich
transformovatelnych bunék se
mnoz, spousta bunék viak hyne. W
presviich bunkach jsou telomery
zkraceny na kritickou delkm

Meprolomeni mechanismi

Bunéina smrt

D | w [

Senesceniml

bugls

déleni

-

Stres/kriticke zkracem
telomer DMA poskozend
—1ijen jednas onkogenm
mutace mize vest k
senesoenci

Zmrata funkce pl&Eb
& p53, prodélani
dalSich PDy

nahodna’e mmtace

Epigeneticke zmény i

>

Imortalizovane bunky



IV. Apoptoza

Fyziologicky proces udrzujici rovnovahu mezi bunécnym
rustem a smrti bunék

Kaskdda reakci cysteinovych protedz (kaspdzy), vazba na
tzv. substraty smrti (proteiny cytoskeletu, proteiny ridici

opravu DNA, proteiny zabranujici apoptdze apod., Stépeni
DNA cca 180bp). V konecném dusledku morfologické
zmeény - svrast ovani bun€k, apoptoticka téliska
—fagocytdza

Postupujici v€k —pokles transkripcni aktivity genu
vyvoldvajicich apoptdzu—napr. Snizend schopnost
likvidovat bunky imunitniho systému reagujici proti
vlastnim tkdnim —autoimunitni onemocnéni



Apoptotic pathways
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Regulation of mitochondrial apoptosis
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Autofagie

Tumour
growth

© Cell survival during nutrient Autophagy ©
and oxygen shortage O
© Cell survival during treatment

Tumour
suppression

Cell growth control
Mitochondrial quality control
{prevention of DNA-damaging stress)

with chemotherapy © Physiological autophagic cell death
© Prevention of apoptosis O Chemotherapy and radiation-induced
autophagic cell death
© Endogenous antigen presentation/
tumour immunity
© 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 kapilar, diky této schopnosti
muze nador stimulovat okolni tkan k rustu cév, kterymi

mu je dopravovdna krev bohatd na ziviny a kYSIIk

* 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, gene'rlcka nestabilita --> ,angiogenni switch" 1.
novy fenotyp nadorovych bunék, Suprese antiangiogennich
faktoru (thrombospondinu), zvy$end tvorba angiogennich
faktoru. Buriky nddoru a sousedni endotélie se v tomto
sméru vzdjemné ovlivhuji parakrinni, ale i autokrinni
sekreci angiogenetickych faktoru.



Role of hypoxia in Tumor angiogenesis




| lownrix | Lowpss I
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NORMOXIA SURVIVAL
I HIGH Hlm (VERY) LOW p53
. ' , Y s SURVIVAL
HYPOXIA HIF-10 stabilization
p53 levels can be decreased
. HIGH HIF-1a HIGH p53
BEVERE decreased HIF-1 activity due to competition with p53 for —»  APOPTOSIS
HYPOXIA coactivators
p53 is stabilized
‘ LOW HIF-1x HIGH p53
ANOXIA p53-dependent HIF-1a degradation — APOPTOSIS
increneed diralian  Transactivation activity not frequently described

I Induction of protective, anﬁ-@t

Induction of pro-apoptotic genes




Angiogeneze (pokracovani)

Cim je angiogeneze intenzivnéjéi, tim je prognéza nddorového
onemocnéni nepriznivési; zvysuje se riziko metastdz.

Praktické dusledky:

stupen angiogeneze muze
slouzit jako prognosticky faktor. Nejintenzivné jSi angiogeneze
byvd na okraji nddorového loziska, kde Ize jeji intenzitu posoudit
histologicky. Pouziva se také zviditelnéni tzv. horkych lozisek
(hot spots) pomoci monoklondlnich protilatek proti cévnim
endoteliim nebo proti adheznim molekuldm (CD31, CD34), event.
proti tzv. von Willebrandovu faktoru. Citlivym ukazatelem
hustoty kapildrniho recisté je stanoveni akvaporinu-1 (AgP-1); jde
o faktor pusobici synergicky s VEGF a vyznamné zvysujici cévni
propustnost.



Terapie zaloZzena na potlaCeni angiogeneze:
cil: zpomalit aZ zastavit rust nadoru

« pfirozeni antagonisté angiogeneze, popf inhibitory stimulatoru: napf.
rekombinantni thrombospondin (thrombospondin mimetic peptid - TPS-1) -
blokuje odpovéd’ na angiogenni podnéty, inhibuje aktivitu endotélii a
podporuje jejich apoptézu.

 Neutralizace Gcinku angiogennich faktoru: zablokovani EGF nebo VEGF
vytvorenim komplexu s mAb (bevacizumab).

* Blokdda receptoru angiogennich faktoru: solubilni receptory, které
vytvori na membrdnovych receptorech inaktivni heterodimery, neschopné
iniciovat signdlni transdukci, inhibice receptorovych kindz

* Genova terapie: antisense mMRNA (VEGF), angiozym (specif. ribozym)

« Inhibice proliferace endotelu: fumagilin (A. fumigatus, toxicky),
syntetickd varianta AGM-1470 (o-chloracetyl-karbamoyl-fumagilol)
netoxicky, potlacuje proliferaci endotelii inhibici translokace
membrdnovych bioproteinu a transkripcniho faktoru Ets-1.

« Stabilizace bazdlni membrany a extraceluldrni matrix: neporusend bazalni
membrana znesnadnuje invazi endotelii. Inhibice metalo-proteinas, které
bazdIni membrdnu a extraceluldrni matrix rozrusuji (extrakt ze zraloCich
chrupavek - neovastat)



Drozofila jako model angiogeneze

Cévni system drozofily je mdlo vyvinut, ale dobrym
modelem pro sav¢i angiogenezi je ha molekuldrni drovni
prekvapivé podobny hmyzi trachedlni systém. Podobné
jako u savéich cév - obecna organizace tracheji
drozofily je uréena geneticky, ale jejich vétveni je
uréovano tlakem O,.

Mutace riznych drozofilich gent Gcastnicich se
vyvoje tracheji a jejich savei protejsky:

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

sprouty (ras interactor)



VI. Invazivita a schopnost metastdzovat

* Ztrdta zdvislosti adherovat k podkladu (normdlni bunky v b. kulture
mohou metabolizovat (zit), ale nikoliv se délit; nadorové bunky ano)

» Ztrdta inhibice motility kontaktem se sousednimi bunkami (bunky mohou
rust jedna pres druhou)

» Zmény na bunécné membrané (modifikace glykolipidu a glykoproteinu -->
zmény v morfologii hddorové b.)

Maligni buniky: zvysend motilita a invazivita, po pruniku do krevni cirkulace
schopnost tvorit metastdzy. S tim spojena schopnost produkovat receptory,
aby se mohly zachytit na proteinech bazalni membrany (tvorba adheznich
molekul), ddle tvorba hydrolytickych enzymu, které pomohou rozrusit
kolageny, proteoglykany a glykosaminoglykany bazdlni laminy a umoznit tak
pronikdni do okoli, natrdvit sténu cév, zachytit se v cirkulaci na shlucich
trombocytu a vytvofit tak nddorové emboly, odoldvat Gcinkum
protinddorového imunitniho systému, zachytit se na sténé cév vzdaleného
mista, proniknout do intersticia tkdn€, zalozit metastdzu, proliferovat,
podporovat angiogenezi a pripadné vytvdret nové metastdzy.



1 4
Metastaze
* NejCastéjsi pricina dmrti
* Schopnost metastdzovat je jednim ze zdkladnich znaku malighity

nadorovych onemocnéni, fada faktoru (druh nddoru, velikost primarniho
nddoru, angiogenni procesy)

« Pfi vzniku metastdz hraji dulezitou Glohu chemokiny. Jde o
superrodinu prozanétlivych cytokinu, které selektivné pfitahuji a
aktivuji ruzné typy bunék tim, Ze se vazi na specifické povrchové
receptory (G-protein)

Sifeni metastdz:

« lymfogenni - ndrodové bunky se sifi cestou lymfatickych cév do
lymfatickych uzlin. NejbéZnési zpusob Siteni epitelidlnich nadoru.
« hematogenni - nadorové bunky se sifi krvi a zachycuji se v
kapildrdch. Nadory vychdzejici z pojivovych tkani a pokrocilé
nddory epitelové.

« porogenni (per continuitatem) - nddorové buriky se Siri
mechanicky preformovanymi dutinami. (nddory mozku nebo
vajecniku)
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Gastrulace u mnohobunécnych
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VII. Protinadorova imunitni odpoveéd

normalni

zpracovani a prezentace
viastniho peptidu MHC gly-
koproteiny |. tfidy

,!

MHC I. tiidy

normalni bunééné proteiny

NEJSOU PRITOMNY
CTL BUNKY REAGUJICI
PROTI VLASTNIMU

PEPTIDU (TOLERANCE

VLASTNIHO)
maligni -
x zpracovani a prezentace
Sl ! mutovaného a vlastniho
peptidu MHC A JE
glykoproteiny 1. tfidy ¢ \
T e il e R " .. :
N i %0
MHC 1. tfidy ROZPOZNANI R
MUTOVANEHO PEPTIDU
(NADOROVEHO ANTIGENU)

CD8* CYTOTOXICKYMI T
LYMFOCYTY (CTL). LYSA
NADOROVE BUNKY

mutovany protein
(nadorovy antigen)



my$ s MCA indukovanym

sarkomem “A’”
chirrglcky
odstranény
nador

plvodniho “naivni” | syngenni mys syngenni mys
hostitele syngenni mys$ imunizovanou imunizovanou zabitymi
nadoru zabitymi nadorovymi nadorovymi burikami

burikami typu “A” nepfibuzneho typu “B”

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

Dukaz: imunokompromitovani pacienti - 200krdt vyssi
riziko vzniku nadorového onemocnéni



Protinadorova imunitni odpovéd

Onkoproteiny

APC-alktivace P > produlkce IL-12
zvyseni produkce ~ 1
kostimula ¢nich molekul IFNy podporavode\ed|
Thl-bunek
aktivace a proliferace < produkce IL-2

tumor-reaktivnich bun ék
CD4+ a CD8+




Protinddorova imunitni odpovéd

*Velky vyznam cytolytické T-lymfocyty typu CD8+ a T-lymfocyty typu
CD4+: Aktivované T-bunky CD4+ exprimuji CD40 ligand (gp39), ktery
aktivuje CD40-receptor na antigen-prezentujicich bunkach (dendritické
buniky). Secernace prozdnétlivych cytokinu, zejména IL-12, ¢imz dochdzi
k aktivaci T-lymfocytu typu CD8+ a navozeni produkce IFNy IL-2, coz md
za nasledek atrahovani dalSich imunokompetentnich bunék.

« Kromé cytolytickych T-lymfocytu, které vyZaduji aktivaci (IL-2) a
prezentaci cilového antigenu za pritomnosti HLA I. tridy, jsou jesté NK-
bunky, nevyzadujici prezentaci antigenu. Nékteré NK-bunky participuji
na bunécné cytotoxicité vyvolané specifickou protildtkou (antibody-
dependent cellular cytotoxicity = ADCC). Také aktivované makrofagy
(pomoci INFy) se mohou podilet na protinddorové cytotoxicité (dCinkem
reaktivnich forem kysliku). Humordlni protilatky pusobi dvéma
mechanismy: (a) aktivaci komplementu a (b) aktivaci NK-bunék ADDC-
mechanismem.
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f{; Epithelial cell and basement membrane

Neuimphilsa@ Lymphocytes
Q Macrophage/manocyte

Endothelial cells and capillary support cells
(pericytes, smooth muscle cells)

Mast cells/eosinophils/basophils

y Fibroblasts and fibrillar collagens

_

Platelets and fibrin clot

% Cytokines/chemokines

; Malignant epithelial cells




Extracelularni matrix (ECM)

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

Ovliviiuje chovani, proliferaci a diferenciaci
bunek, které jsou s ni v kontaktu

Hlavnimi receptory bunek, které
zprostredkovavaji interakci bunek s ECM jsou

integriny




Integriny

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

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

Zprostredkuji prichyceni bunky k ECM nebo k jiné
bunce a umoznuji prenos signdlu (informace) mezi ECM
a bunkou. Signalizace probiha jak z ECM do bunky
(outside-in signaling), tak z bunky do extracelularniho
prostoru (inside-out signaling)

Heterodimerni molekula v které jsou a a 3
podjednotky spolu nekovalentné vdazany



Schematic drawing of a typical integrin dimer
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Cancer Cells
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Fibrotic or tumoral microenvironment

HYPOXIA \:NFLAMMATION
HIF1/2 _ Notch NF-xB =—— TGFB

A4
LOXL{\

\\ I x Immunosuppression
=MT Immunotherapy and
\hemotherapy resistance

Senescence Invasion Stem cell
Inactivation  Tumor dissemination  properties

Metastasis




IX. Zmény v metabolické aktivité

Nekontrolovand bunécna proliferace je nejen spojend s
deregulaci kontroly bunécného 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)

L F -f@n—b nmrma{- N J
- \

metabolic

k‘xh _phenotype 4

l Einenergeﬁcs-‘ I Biosynthesis ‘ Redox ]
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a Quiescent normal cell

Lactate Clucose
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b Proliferating tumour cell

Lactate Clucose

Clucose e : H
—l m o IOk o
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ROS vs. antioxidanty

* Proliferation
» Cell survival

ROS level

Cancer cell

* Metabolism

= Protein translation Antioxidants

—

Nature Reviews | Cancer



X. Genomova nestabilita

Funkcnost genetickych repearcnich mechanismu = 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 jednd o faktory zodpovédné za:

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

Ztrdta telomerické DNA u Ffady nddoru vede ke
karyotypické nestabilité a s tim spojenym amplifikacim
a delecim na chromozomech



