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Nadorova onemocnéni

- Nddorové bujeni mohou poskytnout mnoho riznych orgdnt a tkani
- Existuje vice nez 100 riznych typl nddord

- Chovdni jednotlivych typl nddort se muze velice ligit - Nékteré
nadory zUstdvaji ¢asto lokalizovdny v ptvodni tkdni (napf. nadory
prostaty) a jiné se naopak velice agresivné Siri (napr. karcinom slinivky)

« V roce 2000: 10 miliont lidi na celém svété onemocnélo rakovinou
a 6.2 milionu lidi této nemoci podlehlo

-V roce 2020:  olekdvdme 16 miliont novych pripadu rakoviny




Benigni a maligni nddory

» Benigni (nezhoubné) nadory
- Rostou lokalizované a neinvaduji prilehlé tkané
- Epitelidlni nadory povazujeme za nezhoubné, pokud nejsou schopny
penetrovat bazalni membranu (specializovany typ bunééné matrix, ktery
oddéluje epitelidlni buriky od podplrné vrstvy pojivové tkdné - stroma)
- I nezhoubné nddory mohou predstavovat vazny problém, napr. pokud svym
rdstem negativné ovliviuji funkci dileZitych orgdnt
- Nékteré nezhoubné nddory se mohou rozvinout v nddory maligni

* Maligni (zhoubné) nadory
- Proristaji do okolnich tkdni a mohou se $iFit ve formé
metastdz
- Primarni nddor x metastazy
- Metastdzy malignich nadort jsou pri¢inou asi 90% vsech imrti na
nddorovd onemocnéni




Priklady metastdz do riznych orgdni
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Figure 2-2a The Biology of Cancer (© Garland Science 2007)

Figure 2-2b The Biology of Cancer (© Garland Science 2007)

A: Jaterni metastdzy karcinomu tlustého streva
B: Metastdzy maligniho melanomu do plic (mysi model)

Weinberg RA. The biology of cancer, Garland Science 2007




Geny nejcastéji postizené mutacemi v nadorovych burkach

Karcinogeny Casto pusobi jako mutageny - zpusobuji poSkozeni genetické informace
bunky

1. Proto-onkogeny / Onkogeny - v nddorovych burnkach dochdzi k jejich
aktivaci.

Kéduji proteiny, které se (c¢astni prenosu riznych signdll v burice (signal
transduction) a reguluji bunééné déleni nebo diferenciaci.
Mutace nebo zvysend exprese (produkce) téchto proteint vede k
nadmérnému zvyseni jejich aktivity v burice (proto-onkogen se méni na
onkogen)

Priklady: EGFR, Ras, Raf, Src, Myc

2. Nadorové supresory - v nddorech dochdzi k vyrazeni jejich funkce

Zabranuji mnozeni poskozenych nebo neregulované rostoucich bunék.
Jiné n.s. se podili na opravach poskozené DNA a zabrariuji akumulaci

mutaci v burikdch.
Priklady: p53, pl16, Rb, APC, MLH1, MSH2, BRCA1, BRCA2




Mutace vedouci ke vzniku nddord

1. Somatické mutace - vynikaji de novo v somatickych burikdch a méni
jejich vlastnosti. Prendsi se do dcerinych bunék, ale nedédi se.

2. Zarodecné mutace - vznikaji v genomu spermie nebo vaji¢ka, nebo
jejich prekurzort v gondddch. Mutace se mohou prendset na
potomstvo a mohou je predisponovat k riiznym typtm nddord.

Figure 7-22 The Biology of Cancer (© Garland Science 2007)

A: Sténa tlustého streva jedince postizeného familidlni adenomatdézni polypozou
(obvykle zpiisobena zdrodeénymi mutacemi v nddorovém supresoru APC).
B: Normalni tlusté strevo

Weinberg RA. The biology of cancer, Garland Science 2007




Vznik rakoviny je postupny pomaly proces

- Buriky kumuluji mutace, které jim poskytuji urcité ristové vyhody

Priklad: progrese karcinomu slinivky
(PanIN = pankreatickad intraepitelialni neopldzie)

normal PanIN-1A PaniIN-1B PanIN-2 PaniIN-3
<— HER2/Neu —> < pl1é > - p53 >
K-ras DPC4
BRCA2

Figure 16-9 The Biology of Cancer (© Garland Science 2007)

Weinberg RA. The biology of cancer, Garland Science 2007




VSechny maligni nadory musely béhem svého vyvoje ziskat nékolik
dileZitych vlastnosti

Rust za nepritomnosti
vnéjSich rastovych signald

Evading

apoptosis

Rist v pritomnosti

Inhibice apoptdzy
inhibiénich signald

Invaze do okolni tkané a
tvorba metastaz

Indukce angiogeneze

Sustained Tissue invasion

angiogenesis & metastasis

Neomezené déleni

Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100:57-70




1. Rist v nepritomnosti vnéjsich ristovych signald




Nadorové buriky nejsou izolovany od okolni tkané
- Interaguji s mnoha dalsimi bunéénymi typy a ze svého okoli dostdvaji
mnoho riznych signdlt

Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100:57-70




U normdlnich bunék tyto signdly rozhoduji o tom, jestli se v G,
fazi bunécného cyklu zastavi, nebo budou pokracovat do S fdze

prophase, metaphase, anaphase, telophase

period during which

o cells are responsive

to mitogenic GFs
and to TGF-

N\

R point

A: PFitomnost rlstovych signdll umozni normdlni bufice ukonlit 6, a prejit do S fdze.
Za absence ristovych (mitogennich) faktorl nebo v pritomnosti faktorl inhibujicich

rast (napf. TGFP) buriky opusti buné&ny cyklus a vstupuji do tzv. 6, faze

B: K tomuto rozhodnuti dochdzi vzdy ve stejném bodé v G1 fazi, rFika se mu bod
restrikce (R-point)

Weinberg RA. The biology of cancer, Garland Science 2007




Priklady bunécnych onkogend
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I. Autokrinni ristové faktory

Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100:57-70, Adapted




Autokrinni stimulace rustovymi faktory
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Figure 5-12b The Biology of Cancer (© Garland Science 2007)

Table 5.3 Examples of human tumors making autocrine growth factors

Ligand Receptor Tumor type(s)

HGF Met miscellaneous endocrinal tumors, invasive
breast and lung cancers, osteosarcoma

IGF-2 IGF-1R colorectal

IL-6 IL-6R myeloma, HNSCC

IL-8 IL-8R A bladder cancer

NRG ErbB22/ErbB3 ovarian carcinoma

PDGF-BB  PDGF-Ra/p
PDGF-C PDGF-a/B

osteosarcoma, glioma
Ewing's sarcoma

PRL PRL-R breast carcinoma

SCF Kit Ewing's sarcoma, SCLC

VEGF-A VEGF-R (FIt-1) neuroblastoma, prostate cancer, Kaposi's sarcoma
TGF-a EGF-R squamous cell lung, breast and prostate

adenocarcinoma, pancreatic, mesothelioma

GRP GRP-R small-cell lung cancer

aAlso known as HER2 or Neu receptor.

Table 5-3 The Biology of Cancer (© Garland Science 2007)

svém povrchu

(autokrinni signalizace).

- Normalni buriky obvykle neprodukuji ristovy faktor, jehoZ receptor nesou na

- Nadorové buriky nékdy aktivuji expresi genu, jenZz takovy ristovy faktor
kéduje a zacnou jej produkovat. Tim samy sebe stimuluji k ristu a déleni

Priklad: Zvysend exprese HGF (ristovy faktor hepatocytl - hepatocyte
growth factor) a receptoru pro HGF (c-Met) u invazivniho karcinomu prsu

Weinberg RA. The biology of cancer, Garland Science 2007




Priklady bunécnych onkogend
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Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100:57-70, Adapted




Mutace receptorovych tyrosin kindz

@®) ligand binding {_ _ mutations l_,
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firing receptor firing

Figure 5-12a The Biology of Cancer (© Garland Science 2007)

+  Za normdlni situace receptor aktivuje bunééné signdlni drdhy jen
pokud je na néj navdzany specificky ligand (rustovy faktor, growth
factor -GF)

- Mutace v genu kédujicim receptor mohou zplsobit, Ze receptor je
aktivni neustdle, i za nepfitomnosti ristového faktoru

Weinberg RA. The biology of cancer, Garland Science 2007




Table 5.2 Tyrosine kinase GF receptors altered in human tumors?

Name of receptor Main ligand Type of alteration Types of tumor

EGF-R/ErbB1 EGF, TGF-aa  overexpression non-small cell lung cancer; breast, head and neck, stomach,
colorectal, esophageal, prostate, bladder, renal, pancreatic,
and ovarian carcinomas; glioblastoma

EGF-R/ErbB1 truncation of ectodomain glioblastoma, lung and breast carcinomas

ErbB2/HER2/Neu NRG, EGF overexpression 30% of breast adenocarcinomas

ErbB3, 4 various overexpression oral squamous cell carcinoma

Flt-3 FL tandem duplication acute myelogenous leukemia

Kit SCF amino acid substitutions  gastrointestinal stromal tumor

Ret fusion with other proteins, papillary thyroid carcinomas, multiple endocrine neoplasias
point mutations 2A and 2B

FGF-R3 FGF overexpression; amino multiple myeloma, bladder and cervical carcinomas

acid substitutions

3See also Figure 5.17.
Table 5-2 The Biology of Cancer (© Garland Science 2007)

Weinberg RA. The biology of cancer, Garland Science 2007




Priklady bunécnych onkogend
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Autofosforylace receptorové tyrozin kindzy umozni sestaveni
proteinového komplexu, ktery aktivuje protein Ras

Growth
factors

Stimulus

ERK | — | ERK P MAPK

Transcription factors Substrate

Lynda Chin Nature Reviews Cancer 3, 559-570 (August 2003)




Aktivace proteinu Ras vyzaduje uvolnéni GDP a navdzani GTP

upstream stimulatory

INACTIVE signal and Ras
. . ~. activation triggered
GTP hydrolysis Ras by GEF
and Ras P, }
inactivation A /
induced by

GAP

blockage
caused by \ -
oncogenic

mutation

downstream
ACTIVE signaling

Figure 5-30 The Biology of Cancer (© Garland Science 2007)

Neaktivni protein Ras vaze GDP, aktivni GTP.

Neaktivni Ras je aktivovan plsobenim proteinu SOS, ktery zplsobi uvolnéni GDP a
navazani GTP (SOS = GEF - guanine nucleotide exchange factor). Tento aktivni
stav trva jen kratce, nez je GTP hydrolyzovdn na GDP. Onkogenni mutace mohou
zpusobit, Ze Ras neni schopen GTP hydrolyzovat a ziustava neustdle aktivni.

Weinberg RA. The biology of cancer, Garland Science 2007




Table 4.2 A list of point-mutated ras oncogenes carried by a variety
of human tumor cells

Tumor type Proportion (%) of tumors carrying a
point-mutated ras gene?
Pancreas 90 K
Thyroid (papillary) 60 (H, K, N)
Thyroid (follicular) 55 (H, K, N)
Colorectal 45 (K)
Seminoma 45 (K, N)
Myelodysplasia 40 (N, K)
Lung (non-small-cell) 35 (K)
Acute myelogenous leukemia 30 (N)
Liver 30 (N)
Melanoma 15 (K)
Bladder 10 (K)
Kidney 10 H

@H, K, and N refer to the human H-RAS, K-RAS, and N-RAS genes, respectively.
Adapted from J. Downward, Nat. Rev. Cancer 3:11-22, 2003.

Table 4-2 The Biology of Cancer (© Garland Science 2007)

Weinberg RA. The biology of cancer, Garland Science 2007




Priklady bunécnych onkogend
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Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100:57-70, Adapted




B-Raf

Growth

factors RgTK |

Stimulus

ERK | — [ERK (P MAPK

Lynda Chin Nature Reviews Cancer 3, 559-570 (August 2003)

- serin/threonin kindza, ktera se
podili na prenosu mitogennich
signdlu v burice

- mutovdn v rlznych typech nddord,
napr. karcinomu ovarii, stitné zldzy,
kolorektadlnim karcinomu a zejména v
asi 70 % pripadi maligniho
melanomu

- k mutacim v genu B-raf dochdzi jiz
v ranné fazi vyvoje maligniho
melanomu (jsou pritomny v asi 80%
benignich névi)




Priklady bunécnych onkogend
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V. Nereceptorové tyrozin kindzy

Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100:57-70, Adapted




Nereceptorové tyrozin kindzy - Abl, Src

The Philadelphia Chromosome
Before translocation After translocation
BCR
BCR ABL
Philadelphia
Chromosome
#22
ast 09
#9 \_/
dor9
The Philadelphia chromosome results when a piece of chromosome #9 switches
places with a piece of chromosome #22. The translocation forms an extra-long
chromosome "3 {called der 3] and an extra-short chromosome #22, which is the
Philadelphia chromosome that contains the abnormal, fused BCR-ABL gene.

www.antigenics.com/diseases/cml.html

site of future
breakpoint
\ abl

sites of alternative breakpoints

/N~ ber

Chromosome 9

Chromosome 22

one possible ltranslocation

breakpoint

=

+

}
}

(’(’i “_) hybrid Bcr-Abl protein
L ¢

Figure 4-15a The Biology of Cancer (© Garland Science 2007)
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Weinberg RA. The biology of cancer, Garland Science 2007

Tzv. Filadelfsky chromozom je detekovdn ve vice nez 95% pripadu chronické

myeloidni leukémie (CML).

Reciproéni translokace mezi chromozomy 9 a 22 vede k tvorbé flzniho proteinu
Bcr-Abl, ktery si zachovdvad svoji kindzovou aktivitu, ale tato aktivita neni spravné

regulovadna.




Priklady bunécnych onkogend
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VI. Transkripcni faktory

Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100:57-70, Adapted




Exprese transkripénich faktort je v nddorovych burikdch ¢asto zvy3ena
genovou amplifikaci

Pri detekci onkogent v genomu nddorové buriky pomoci specifickych sond miizeme vidét

1. homogenné se barvici oblast na chromozému (*homogeneously staining
region")

2. autonomné se replikujici acentrické fragmenty chromozomu (“double
minutes")

Priklad amplifikace onkogenu myc (Zluté) v lidské nadorové burice. Homogenné se
barvici oblast oznacena Sipkou.

Weinberg RA. The biology of cancer, Garland Science 2007




Table 4.3 Some frequently amplified chromosomal regions and the genes they are known to carry

Name of oncogene? Human chromosomal Human cancers Nature of protein
location
erbB1 7912-13 glioblastomas (50%); squamous cell RTK
carcinomas (10-20%)
cab1-erbB2-grb7 17912 gastric, ovarian, breast carcinomas (10-25%) RTK, adaptor protein
k-sam 7926 gastric, breast carcinomas (10-20%) RTK
FGF-R1 8p12 breast carcinomas (10%) RTK
met 7931 gastric carcinomas (20%) RTK
K-ras 6p12 lung, ovarian, bladder carcinomas (5-10%) small G protein
N-ras 1p13 head and neck cancers (30%) TF
c-myc 8q24 various leukemias, carcinomas (10-50%) TF
L-myc 1p32 lung carcinomas (10%) TF
N-myc-DDX1 2p24-25 neuroblastomas, lung carcinomas (30%) TF
akt-1 14q32-33 gastric cancers (20%) ser/thr kinase
cyclin D1-exp1-hst1-ems1 (11q13) breast and squamous cell carcinomas (40-50%) G1 cyclin
cdk4-mdm2-sas—gli 12913 sarcomas (40%) CDK, p53 antagonist
cyclin E 19q12 gastric cancers (15%) cyclin
akt2 (19913) pancreatic, ovarian cancers (30%) ser/thr kinase
AIB1, BTAK (20q12-13) breast cancers (15%) receptor co-activator
cdk6 (19921-22) gliomas (5%) CDK
myb 6q23-24 colon carcinoma, leukemias TF
ets-1 11923 lymphoma TF
gli 12q13 glioblastomas TF
FGFR2 10926 breast carcinomas RTK

3The listing of several genes indicates the frequent co-amplification of a number of closely linked genes; only the products of the most
frequently amplified genes are described in the right column.
Courtesy of M. Terada, Tokyo, and adapted from G.M. Cooper, Oncogenes, 2nd ed. Boston and London: Jones and Bartlett, 1995.

Table 4-3 The Biology of Cancer (© Garland Science 2007)
RTK = receptorova tyrozin kindza, TF = transkripéni faktor

Weinberg RA. The biology of cancer, Garland Science 2007




Amplifikace genu N-myc a progndza neuroblastomu

B

1 <10 copies of N-myc

EFS probability

>10 copies of N-myc

0 1 2 3 4 5 6 7 8
years after diagnosis

Figure 4-11b The Biology of Cancer (© Garland Science 2007)

Figure 4-11a The Biology of Cancer (© Garland Science 2007)

A: Gen N-myc je amplifikovan v asi 40% pripadl neuroblastomu déti.

B: Progndza onemocnéni je velmi dobra u déti, které maji v bunkach neuroblastomu jen
minimdlni nebo vibec Zddnou amlifikaci genu N-myc. Naopak pacienti s vyraznou amplifikaci
genu N-myc maji vyrazné horsi prognézu.

Weinberg RA. The biology of cancer, Garland Science 2007




Nadmérnd exprese genu c-myc u Burkittova lymfomu

- Maligni nador B-lymfocytt

- Nejcastéjsi détsky nddor v rovnikové Africe

- Na vzniku choroby se podili chronicka infekce virem Epsteina-Barrové (EBV = lidsky
herpesvirus 4, zplsobuje infekéni mononukledzu) a sou¢asné parazity zplsobujicimi
malarii

normal Burkitt’s heavy-chain immunoglobulin (IgH) gene
chromosomes lymphoma ' ' normal
1) @ | 0 0 | — Chromosome 14
+
8 14 8qg- 14q+ myc proto-oncogene
e Chrom
Chromosome 8
l reciprocal translocation
igH myc oncogene
q24.134 . IgH
e @ 93233 g 10H iy -
I } +
| 4 =
Figure 4-13b The Biology of Cancer (© Garland Science 2007)

V genomu bunék Burkittova lymfomu je exprese genu c-myc rizena regulacnimi
sekvencemi DNA, které normdlné zajiSt'uji silnou expresi tézkého retézce
imunoglobulinu. Pricinou je reciproka translokace mezi chromozémy 8 a 14.

Weinberg RA. The biology of cancer, Garland Science 2007




. Rist v pritomnosti inhibiénich signdlt




V normdlni tkdni plsobi také antiproliferaéni signdly, které zajist'uji
vhitfni rovnovdhu a udrZovdni bunék v G,. Také tyto signdly plsobi pres
receptory v bunécné membradné, které jsou napojeny na intraceluldrni
signdlni drdhy.

(e.q. TGFB)
= Inaktivujici mutace v receptoru pro
1:TCF~\ . TGFb (TGFH)R) hebo ztrata
e A . nddorového supresoru Rb ¢ini buriky
T g necitlivymi k témto inhibi¢nim
E2Fs pj_." ————————— /II Signdlam
P, el
s "‘ Changes 5 Cell (\DN;\;‘;I:;Ee,
—* | inGene Proliferation [
% |Expression| « (Cell Cycle) | /55

;’f}m‘(immwj

Daw

Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100:57-70,
Adapted




3. Schopnost neomezené replikace

Buriky musi prekonat senescenci a ztratu funkce telomer

Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100:57-70




Normadlni buriky maji omezeny replikacni potencial,
tzn. Ze se nemohou délit do nekonecna

o
o

u1
o

phasellll
(senescence)

LD
o

phaselll

accumulated population doublings
N w
© o
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Cancer (© Garland Science 2007)

Napr. lidské fibroblasty se v kulture intenzivné déli po asi 60 generaci a pak se
délit prestanou a vstoupi do stavu kterému se rrika (replikativni) senescence, kdy
sice zlstdvaji Zivotaschopné po velice dlouhou dobu, ale bunéény cyklus navzdy

opusTily.

Weinberg RA. The biology of cancer, Garland Science 2007




Senescence vede k vyrazné zméné morfologie buriky

—— ) & 5 ” - r " x -
N S < \ ~
- 4 y W
7 s L/ 1% K ,l AR ‘: gL 4/ P
T VW NGRS Ll P NSy s
b4 14 \ . .. . { | ” P AL N Z Ay
4 5 b P pe - v et ps i
F e R Ay v;‘ A - 2 “ - P i /
ot a X e > <
¢ g o N
4’ S b ,;/ / ’
( N ¥
- S - ¥ ot
~ AN ¥y O
- AN .:\Vl;' A V. 'f‘
,// R oL / / @ -
hd %k [ TINE;
Q| \ /
{ \ : ¥ £) v \g
- 2 A S W 7 <
3 1% ]
i o ¢ o » LD - 2 g
') " e -
. f S .\ } B é
A\ N\ v
Ak - N, - /
\ LY i .
{ G 5/
4] o e A
V- ,,'i =~
\ -4 — - '
A ; é . N
ty = - a
)
o) ¢
» &
Figure 10-3b The Biology of Cancer (© Garland Science 2007)

/

A: Pre-senescentni lidské fibroblasty, které se normalné déli

B: Senescentni buriky zméni tvar a za¢nou produkovat nékteré markery senescence,

napriklad zvldstni formu p-galaktosiddazy, enzymu, jehoZ pritomnost miZeme v
burikdch snadno detekovat pomoci chromogenniho substrdtu (modré zbarveni bunék)

Weinberg RA. The biology of cancer, Garland Science 2007




K senescenci zfejmé vede postupné zvySovani exprese nékterych
nddorovych supresori

3 18 26 32 36 42 43 PD

Napr. fibroblasty v kulture zacinaji
7 42 60 74 84 98 100 % life span

produkovat dva dilezité inhibitory
- - - - e D21 cyklin-dependentnich kindz, které jsou
~ w== @® P16 schopny inhibovat déleni bunék: p21 a p16

* Uméle indukovanad exprese proteinu p16 ve fibroblastech vede u téchto
bunék ke stejnym zméndm, jaké pozorujeme pri replikativni senescenci.

* Nddorové bunky obvykle inaktivuji signdlni drahy v nichz p21 a p16

plsobi (p53, Rb) a zfejmé prdvé timto zplisobem dokdZi senescenci
zabranit

Weinberg RA. The biology of cancer, Garland Science 2007




Pocet délelni bunék také omezuje délka jejich telomer

* Telomery jsou tvoreny nékolika tisici opakovanimi kratké sekvence DNA (6 bp)
- Funkci telomer je ochrana koncili chromozomd (A)

- DNA polymerdza nedokdze Gcinné replikovat konce chromozomt a tak dochdzi pri
kazdém rozdéleni buriky ke ztraté asi 50-100 bp z konce telomer

» Prilis krdtké telomery nedokadzi plnit svou ochrannou funkci a chromozomy zacinaji
fazovat (B) a vstupuji do stavu, kterému se Fikd anglicky crisis.

- Fizované chromozomy se nedokdZi oddélit béhem mitézy a dochdzi ke zlomim,
které vedou k velkym zménam karyotypu a obvykle konci programovanou smrti
buriky (apoptozou)

(A) (B)

Figure 10-11 The Biology of Cancer (© Garland Science 2007)

Weinberg RA. The biology of cancer, Garland Science 2007




Krdtké telomery mohou vést k opakovanym fiuzim a zlomim
chromozomi
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Figure 10-14c The Biology of Cancer (© Garland Science 2007)

Weinberg RA. The biology of cancer, Garland Science 2007




Priklad karyotypu normadlni a nadorové buriky

NORMAL CELL TUMOR CELL

B 0w |

e [ e 1) S [ S — |

Harter |:hr|:|m|'.13nmes

El.'ll.ﬂ'm
ORDER AND ANARCHY: Anormal human cell's chromosome set, or fragments. Among these are so-called marker chromosomes, whose
karyotype [left], includes pairs of 23 standard chromosomes, distinctive structural rearrangements are seenin all the tumor's cells,
whereas a tumor cell, like all cancers, exhibitstheirregular karyotype  indicating changes that originated in the celi that spawned the cancer.
[right] described as aneuploid: some whole chromosomes are Mumbers under each one specify the sources of its fragments; plus
missing, extra copies of others are present, and many have traded and minus signs identify those that are larger or smaller than usual.

Duesberg P, Chromosomal Chaos and Cancer, Scientific American 2007 May;296(5):52-9.




Telomeraza

» Buriky mohou krizi prezit, pokud aktivuji produkci telomerazy, enzymu, jehoz
funkci je prodluZzovani telomerické DNA

* Telomeradza je silné exprimovana v embryondlnich burikdch, ale béhem
diferenciace tkani dochazi, az na nékolik mdlo vyjimek, ke ztrdté jeji exprese

- Telomerdzovd aktivita je pritomna v 85-90% vzorku lidskych nadord!




4. Inhibice apoptozy




Apoptdza
- forma programované bunécné smrti

» Koordinovany proces, ktery zahrnuje aktivaci skupiny specifickych protedz
(emzymu $tépicich proteiny), kterym se rikd kaspazy (angl. caspases)

» Charakteristické morfologické zmény burky - kondenzace chromatinu,
svrasténi jadra i celé bunky, fragmentace jadra, .blebbing”. Butika se nakonec
rozpadne na mensi fragmenty obalené membrdnou, které jsou pohlceny
okolnimi burikami nebo makrofdgy.

* Indukuje se béhem normdlni morfogeneze

- Dulezitd pro normdlni funkci rady tkdni (stfevo, kostni dren, involuce mlééné
zlazy, atd.)

* Ndadorovy supresor p53 indukuje apoptozu pri poskozeni bunécné DNA
(napr. UV nebo ionizujicim zdrenim) a vyrazuje tak aberantni burky, u nichz by
mohlo dojit k maligni transformaci, tj. preméné na buriku nddorovou.




Apoptdza
U vétsiny bunék najdeme dvé zdkladni apoptotické drdhy:

1. Vnitrni (Intrinsic pathway) - vyZzaduje permeabilizaci vnéjSi membrany
mitochondrii a uvolnéni cytochromu C do cytoplazmy, kde se podili na
sestaveni apoptozomu - komplexu, ktery aktivuje kaspdzy

2. Vnéjsi (Extrinsic pathway) - permeabilizace mitochondrii neni nutnd. Tato
drdha je aktivovana vazbou ligandu na specificky receptor

Extrmsu: Pathway Intrlnsu: Pathway Perforin/Granzyme outer membrane
radiation, toxins, hypoxia, etc. Pathway " , :“;?_:‘?‘ e i g o N M g £ ;
Cytotaxic T cells o 2 9 £ T My

death ligand o \i
death receptor —a, =
/ l >

rooe \
adaptors mitochondrial changes (MPT) '( \

granzyme B granzyme A

disc formation apoptosome forms
caspase 8 activation caspase 9 activation caspase 10  SET complex . b T
\\ * / activation Inner membrane
caspase 3 activation
(Execution Pathway) DNA cleavage
' |
endonuclease activation — degradation of chromosomal DNA % b
protease activation — degradation of nuclear and cytoskeletal proteins — cytoskeletal reorganization 4 . . i

+

cytomorphological changes:
chromatin and cytoplasmic condensation, nuclear fragmentation, etc.

formation of apoptotic bodies

Elmore S., Apoptosis: a review of programmed cell death. Toxicol Pathol. 2007;35(4):495-516.




Aktivace apoptdzy plsobenim proteinu p53
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Protein p53 indukuje expresi genl, které se (castni jak vnitrni (napr. Bax,
Noxa, Puma) tak i vnéjsi apoptotické drdahy (napr. Fas)

Weinberg RA. The biology of cancer, Garland Science 2007, Adapted




Thymocyty (leukocyty v brzliku) mysi s vyrazenym genem p53 jsou
rezistentni k apoptdéze vyvolané ionizujicim zdrenim

viability (% of untreated)

0 5 10 15 20 25
time (h)

Weinberg RA. The biology of cancer, Garland Science 2007




p53 je transkripéni faktor, ktery requluje odpovéd’ ha rizné stresové
podnéty

Vousden & Lane 2007, Nature Reviews Molecular Cell Biology 8, 275-83




Indukce p53 a zastava bunééného cyklu pri poskozeni DNA ionizujicim zarenim

0 8 24 hours DNA damage
}
p53 — == |
p2-|C|p1

p21°P’ - \ |

actin —-" ‘- G. G. -

E-CDK2 A-CDK2 A-CDC2 B-CDC2

Poskozeni DNA indukuje rychlou stabilizaci p53 a indukci exprese cilovych
gend, napP. inhibitoru CDK p21, coZ vede k zdstavé bunééného cyklu, kterd
umozni opravy poskozené DNA

Weinberg RA. The biology of cancer, Garland Science 2007, Adapted




V nddorovych burikdch obvykle dochdzi k vyrazeni funkce p53

1. mutaci v genu pro p53 (asi 40-50% lidskych nddori)

TP53 mutation prevalence (as recorded in the IARC Database, R7)
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5. Indukce angiogeneze

aktivace tvorby novych krevnich cév




VEGF

» Kyslik se v tkanich prenasi difuzi i¢inné do vzdalenosti asi 0,2 mm. Buriky,
které rostou ve vétsi vzddlenosti od krevni vldsecnice prestdvaji rist protoze trpi
nedostatkem kysliku (hypoxie) a Zivin. Pokud neni prisun kysliku zajistén, buriky
odumrou.

* Primdrni nddor nebo metastaza, kterd dosahne objemu asi 2 mm3 si musi
zajistit napojeni na krevni obéh, aby mohla pokracovat v ristu.

* Buniky v hypoxii vysilaji signal ve formé VEGF (vascular endotheliar growth
factor).

+ VEGF se vaze na specificky receptor na povrchu bunék cévniho endotelu a
indukuje jejich proliferaci a migraci smérem k nadoru.

VEGF ale neni zdaleka jediny reguldtor
angiogeneze. Napr. nddorovy supresor p53
indukuje expresi thrombospondinu-1, ktery

© activators @ inhibitors

o /7 . . . . .
pusobi jako inhibitor angiogeneze. VEGF-A thrombospondin-1,-2
, , , v VEGF-B, -C interferon o/B
Rozsah tvorby novych krevnich cév zalezi FGF1(aFGF)  angiostatin
, v o , /. FGF2 (bFGF) endostatin
na rovnovaze TeChTO kaTOPU Vv dane Tkar“. other FGFs collagen IV fragments

etc. etc.
13-46 The Biology of Cancer (© Garland Scit 007)
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Usporadani cév zdsobujicich nador je velmi chaotické

normal tissue tumor

Figure 13-34b The Biology of Cancer (© Garland Science 2007)




6. Invaze do

okolnich tkani a tvorba vzdédlenych metastaz




Metastdza je vysledkem sekvence nékolika diléich kroku

primary tumor localized intravasation  transport arrestin extravasation
formation invasion through microvessels of
circulation various organs

\ !
" formation of a
T Y

interaction wnth
platelets, lymphocytes,
and other blood
components

micrometastasis

oy

!

colonization -
formation of a
macrometastasis

Figure 14-4 The Biology of Cancer (© Garland Science 2007)

Celou sekvenci se podari ukonCit jen malému procentu bunék, které opusti nador.
Zda se, Ze posledni krok, tj. kolonizace, je tim nejméné GCinnym a jen velice malo
mikrometastdz da vznik metastaze, tj. sekundarnimu nddoru.

Weinberg RA. The biology of cancer, Garland Science 2007




EMT (.Epithelial-mesenchymal transition™)

- Buriky karcinomi, tj. zhoubnych nadori epitelidlni tkdané, mohou G¢inné
metastazovat, pokud se jim podari spustit EMT, tj. bunécny program, ktery je za
normdlnich podminek aktivovan pouze v embryogenezi a pri hojeni ran.

- Epitelidlni buriky, které spusti EMT, zméni expresi rfady gent a zachou produkovat
proteiny, které jsou charakteristické pro mezenchymadlni burky. To jim umoZzni
snadnéji se pohybovat, opustit epitel a invadovat podplrnou tkan - stroma.

carcinoma in situ invasive carcinoma - \
p "-I 5 \ —_ - = = 1 7 -
D INTRAVASATION
EMT e
basement membrane
Lo 4 ‘ TRANSPORT

INVASION through

circulation

\ _'
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Figure 14-17b The Biology of Cancer (© Garland Science 2007)
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Onkogenni retroviry (RNA viry)
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Figure 3-17 The Biology of Cancer (© Garland Science 2007)

Genetickd informace retroviru je ulozena v RNA. V infikovanych burikdch je
sekvence RNA prepsdna do DNA reverzni transkriptdzou a tato DNA se zacleni do
chromozému buriky (vznika tzv. provirus).

Weinberg RA. The biology of cancer, Garland Science 2007




Inzercni mutageneze

Retroviry mohou indukovat nddory pokud se ve formé proviru zacleni do
blizkosti bunééného protoonkogenu. Toto zaélenéni totiz muze zplsobit expresi
protoonkogenu Fizenou silnym, konstitutivné aktivnim virovym promotorem.

Priklad: Virus ptaci leukézy (Avian leukosis virus - ALV) indukuje u kurat B-

lymfomy. Analyza mnoha téchto lymfomi ukdzala, Ze se provirus ALV &asto

zaclenuje do protoonkogenu c-myc, vétsinou mezi prvni nekédujici exon a druhy
kédujici exon tohoto genu.
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Figure 3-23a The Biology of Cancer (© Garland Science 2007)
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Table 3.4 Examples of cellular genes found to be activated by insertional mutagenesis

Gene Insertional mutagen  Tumor type Species Type of oncoprotein
myc ALV B-cell lymphoma chicken transcription factor
myc ALV, FelV T-cell lymphoma chicken, cat transcription factor
nov ALV nephroblastoma chicken growth factor

erbB ALV erythroblastosis chicken receptor TK

mos IAP plasmacytoma mouse ser/thr kinase
int-12 MMTV mammary carcinoma mouse growth factor
int-2b MMTV mammary carcinoma mouse growth factor
int-3 MMTV mammary carcinoma mouse receptor®
int-H/int-5 MMTV mammary carcinoma mouse enzymed

pim-1 Mo-MLV T-cell lymphoma mouse ser/thr kinase
pim-2 Mo-MLV B-cell lymphoma mouse ser/thr kinase
bmi-1 Mo-MLV T-cell lymphoma mouse transcription repressor
tpl-2 Mo-MLV T-cell lymphoma mouse non-receptor TK
Ick Mo-MLV T-cell lymphoma mouse non-receptor TK
p53 Mo-MLV T-cell lymphoma mouse transcription factor
GM-CSF IAP myelomonocytic leukemia mouse growth factor

L2 Galv T-cell lymphoma gibbon ape cytokine®

L3 IAP T-cell lymphoma mouse cytokine

K-ras F-MLV T-cell lymphoma mouse small G protein
CycD1 F-MLV T-cell lymphoma mouse G1 cyclin

CycD2 Mo-MLV T-cell lymphoma mouse G1 cyclin

asubsequently renamed Whnt-1.

bSubsequently identified as a gene encoding a fibroblast growth factor (FGF).
‘Related to notch receptors.

dEnzyme that converts androgens to estrogens.

eCytokines are GFs that largely regulate various types of hematopoietic cells.

Abbreviations: ALV, avian leukosis virus; FeLV, feline leukemia virus; F-MLV, Friend murine leukemia virus; GalLV, gibbon ape
leukemia virus; GF, growth factor; IAP, intracisternal A particle (a retrovirus-like genome that is endogenous to cells); Mo-MLY,
Moloney murine leukemia virus; MMTV, mouse mammary tumor virus; ser/thr, serine/threonine; TK, tyrosine kinase.

Adapted in part from J. Butel, Viral carcinogenesis: Revelation of molecular mechanisms and etiology of human disease,
Carcinogenesis 21:405-426, 2000; and from N. Rosenberg and P. Jolicoeur, Retroviral pathogenesis, in J.M. Coffin, 5.H. Hughes and
H.E. Varmus (eds.), Retroviruses. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press, 1997. Also in part from G.M.
Cooper, Oncogenes, 2nd ed. Boston: Jones and Bartlett Publishers, 1995.
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Virus Rousova sakomu (RSV) a onkogen v-src

A

gag pol env
ALY 5[ I ﬂ [T AAAAAA...3'

gag pol env src

RSV 5’ . [T AAAAAA...3’

B: Virovy gen src (v-src) byl ptivodné
bunéénym protoonkogenem (c-src),
ktery byl prenesen do genomu viru.
Pravdépodobné k fomuto zaclenéni
doslo tim, Ze se ALV provirus ndhodou
zaclenil vedle genu c-src v infikované
kureci burice.

Gen c-src kéduje nereceptorovou
tyrozin kindzu.

Weinberg RA. The biology of cancer, Garland Science 2007

A: Genom RSV je velice podobny genomu ALV.
Kromé béznych retrovirovych gentl gag, po/ a env
nese navic gen src (v-src), ktery kéduje protein
Src vyvoldvajici nddorovou transformaci
infikovanych bunék.
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Transformace kurecich fibroblasti virem Rousova sarkomu
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Figure 3-7b The Biology of Cancer (© Garland Science 2007)

A: Normdlni fibroblasty rostou pouze v jedné vrstvé (“monolayer”). Je tomu tak proto,
Ze u nich funguje tzv. kontaktni inhibice, tj. zdstava déleni vzdjemné se tésné
dotykajicich bunék. Naproti tomu fibroblasty infikované RSV se zakulati a ztrdci
kontaktni inhibici, tj. déli se ddle, prestoze se vzdjemné tésné dotykaji.

B: Transformace indukovand RSV (normdlni fibroblasty vlevo, fibroblasty
transformované RSV vpravo)

Weinberg RA. The biology of cancer, Garland Science 2007




Table 3.3 Acutely transforming retroviruses and the oncogenes that they have acquired?®

oncogene

Name of virus Viral
Rous sarcoma src
Y73/Esh sarcoma yes
Fujinami sarcoma fps®
UR2 ros
Myelocytomatosis 29 myc
Mill Hill virus 2 mifd
Avian myeloblastosis E26 myb
Avian myeloblastosis E26 ets
Avian erythroblastosis ES4 erbA
Avian erythroblastosis ES4 erbB
3611 murine sarcoma raf®
SKV770 ski
Reticuloendotheliosis ref
Abelson murine leukemia abl
Moloney murine sarcoma mos
Harvey murine sarcoma H-ras
Kirsten murine sarcoma K-ras
FBJ murine sarcoma fos
Snyder-Theilen feline sarcoma  fes'
McDonough feline sarcoma fms

Gardner-Rasheed feline sarcoma fgr
Hardy-Zuckerman feline sarcoma kit

Simian sarcoma sis
AKT8 akt
Awvian virus 513 sea
Myeloproliferative leukemia mpl
Regional Poultry Lab v. 30 eyk
Avian sarcoma virus CT10 crk
Avian sarcoma virus 17 jun
Avian sarcoma virus 31 qin
AS42 sarcoma virus maf
Cas NS-1 virus cbl

Species

chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
chicken
mouse
chicken
turkey
mouse
mouse
rat, mouse
mouse
mouse
cat

cat

cat

cat
woolly monkey
mouse
chicken
mouse
chicken
chicken
chicken
chicken
chicken
mouse

Major disease

sarcoma

sarcoma

sarcoma

sarcoma

myeloid leukemia®
myeloid leukemia
myeloid leukemia
myeloid leukemia
erythroleukemia
erythroleukemia
sarcoma
endothelioma (?)
immature B-cell lymphoma
pre-B-cell lymphoma
sarcoma, erythroleukemia
sarcoma

sarcoma
osteosarcoma
sarcoma

sarcoma

sarcoma

sarcoma

sarcoma

lymphoma
erythroblastic leukemia?
myeloproliferation
sarcoma

sarcoma

sarcoma

sarcoma

sarcoma

lymphoma

Nature of oncoprotein

non-receptar TK
non-receptor TK
non-receptor TK
RTK; unknown ligand
transcription factor
ser/thr kinase
transcription factor
transcription factor
thyroid hormone receptor
EGF RTK
ser/thr kinase
transcription factor
transcription factor
non-receptor TK
ser/thr kinase
small G protein
small G protein
transcription factor
non-receptor TK
CSF-1 RTK
non-receptor TK
steel factor RTK
PDGF
ser/thr kinase
RTK; unknown ligand
TPO receptor
RTK; unknown ligand
SH2/SH3 adaptor
transcription factor
transcription factor?
transcription factor
SH2-dependent ubiquitylation
factor

Abbreviations: CSF, colony-stimulating factor; EGF, epidermal growth factor; G, GTP-binding; PDGF, platelet-
derived growth factor; RTK, receptor tyrosine kinase; ser/thr, serinefthreonine; SH, src-homology segment; TK,

tyrosine kinase; TPO, thrombopoietin.

“Not all viruses that have yielded these oncogenes are indicated here.

bOrtholog of the mammalian fes oncogene.
‘Also causes carcinomas and endotheliomas.
dOrtholog of the mammalian raf oncogene.

*Ortholog of the avian mil oncogene.
fOrtholog of the avian fps oncogene.

9Also causes granulocytic leukemias and sarcomas.

PFunctions as a transcriptional repressor.

Adapted in part from S.J. Flint, L.W. Enquist, R.M. Krug et al., Principles of Virology. Washington, DC: ASM Press,
2000. Also in part from G.M. Cooper, Oncogenes. Boston: Jones and Bartlett Publishers, 1985.
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Kmenové buriky nadord
(identifikovany u leukémii, karcinomu prsu, maligniho melanomu atd.)

Ne kazdd nddorova burka je schopna dat vznik hovému nddoru - pouze tzv. kmenové
bunky.

Kmenové buriky maji ve srovnani s ostatnimi nddorovymi burikami obvykle znaéné odlisné
vlastnosti - standardni terapie je ¢asto nedokdze dplné znicit.

Cancer stem cell
specific therapy

A8 &

Conventional Tumor relapse
cancer therapy

o ~&

http://en.wikipedia.org/wiki/Cancer_stem_cell

Tumor regression




