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Behem zivota probehne v lidském téle asi 10® buné&nych déleni
(10 000 000 000 000 000! a kazde z techto bunécnych déleni by mohlo vést ke vzniku
zhoubneho nadoru, pokud by se vymklo kontrole.
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Zakladni déleni nadoru

 Benigni (nezhoubné) nadory
- Rostou lokalizované a neinvaduiji prilehlé tkané

- Epitelialni nadory povazujeme za nezhoubné, pokud nejsou schopny penetrovat bazalni
membranu (specializovany typ bunécné matrix, ktery oddéluje epitelialni bunky od
podpurné vrstvy pojivoveé tkané — stroma)

-Néektere nezhoubné nadory se mohou rozvinout v naddory maligni

» Maligni (zhoubné) nadory
- Pror tistaji do okolnich tkani a mohou se Si  Fit ve form é metastaz

- Primarni nador x metastazy




Nadory narusuji normalni architekturu tkani

Weinberg'RA. The biology of cancer, Garland Science 2007
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Figure 7-4b The Biology of Cancer (© Garland Science 2007)




Metastazy malignich nadoru jsou zodpovedné za asi 90%
vSech umrti na nadorova onemaocneni
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Figure 2-2b The Biology of Cancer (© Garland Science 2007) Figure 2-2a The Biology of Cancer (© Garland Science 2007)

A: Jaterni metastazy karcinomu tlustého streva
B: Metastazy maligniho melanomu do plic (mySi model)

Weinberg RA. The biology of cancer, Garland Science 2007




Nadory jsou klony pochazejici z jedné pavodni aberantni buriky

1. mutace
2. mutace
3. mutace
4. mutace
atd.

Metastaza

Bunky kumuluji mutace, které jim poskytuji rr ustové vyhody




Priklad ristové vyhody — ztrata kontaktni inhibice pfi transformaci kurecich
fibroblastl virem Rousova sarkomu
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Figure 3-7a The Biology of Cancer (© Garland Science 2007)

A: Normalni fibroblasty rostou pouze v jedné vrstvé (“monolayer”). Je tomu tak proto, Ze u nich funguje tzv.
kontaktni inhibice |, tj. zastava deleni vzajemné se tésné dotykajicich bunék. Naproti tomu fibroblasty
inflkované RSV se zakulati a ztraci kontaktni inhibici, tj. déli se dale, pfestoze se vzajemné tésné dotykaji.

B: Transformace indukovana RSV (normalni fibroblasty vlevo, fibroblasty transformované RSV vpravo)
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Weinberg RA. The biology of cancer, Garland Science 2007




Geny nejCastéji postizené mutacemi v nadorovych bunkach

1. Proto-onkogeny / Onkogeny - v nadorovych bunkach dochazi k jejich aktivaci.

« Koduji proteiny, které se ucastni prenosu ruznych signallt v_bunce a reguluji
bunécné déleni nebo diferenciaci.
Mutace nebo zvySena exprese (produkce) téchto proteinu vede k
nadmérneému zvyseni jejich aktivity v burice (proto-onkogen se meni na
onkogen)
Priklady: EGFR, Ras, Raf, Src, Myc

2. Nadoroveé supresory — Vv nadorech dochazi k vyrazeni jejich funkce

e Zabranuji mnozeni poskozenych nebo neregulované rostoucich bunek.

» Jiné n.s. se podili na opravach poskozenée DNA a zabranuji akumulaci
mutaci v burikach.

Priklady: p53, p16, Rb, APC, MLH1, MSH2, BRCA1, BRCAZ2

Ke vzniku maligniho nadoru je u  €lov éka tfeba 4-6 mutaci !




VSechny maligni nadory musi béhem svého vyvoje ziskat nekolik dulezitych
vlastnosti a schopnosti (rastovych vyhod)

— Rast v p Fitomnosti
Evading inhibi énich signal G
apoptosis

Inhibice apoptozy

Indukce angiogeneze Invaze do okolni tkan é a
Sustained Tissue invasion tvorba metastaz
angiogenesis & metastasis

Neomezené d éleni

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




Pfiklady signalnich drah, které reguluji bunécnou proliferaci a mghou
byt mutovany v nadorovych bunkach
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Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100:57-70




U normalnich bunék rozhoduji signaly z vnéjSiho prostredi o tom, jestlise v G,
fazi bunééného cyklu zastavi, nebo budou pokracovat do S faze

| prophase, metaphase, anaphase, telophase

(Gog

Figure 8-3b The Biology of Cancer (© Garland Science 2007)

Pritomnost rustovych signalt umozni normalni burice ukoncit G, a pfejit do S faze. Za
absence rustovych (mitogennich) faktort nebo v pritomnosti faktord inhibujicich rust
(napr. TGFB) bunky opusti buneény cyklus a vstupuji do tzv. G, faze

Weinberg RA. The biology of cancer, Garland Science 2007




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




Autokrinni rastové faktory

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/ osteosarcoma, glioma
T PDGF-C PDGF-a/B Ewing's sarcoma
. . PRL PRL-R breast carcinoma
activation SCF Kit Ewing's sarcoma, SCLC
VEGF-A VEGF-R (Flt-1) neuroblastoma, prostate cancer, Kaposi's sarcoma
Of GF gene TGF-a EGF-R squamous cell lung, breast and prostate
adenocarcinoma, pancreatic, mesothelioma

normal cell autocrine signaling GRP GRP-R small-cell lung cancer

Figure 5-12b The Biology of Cancer (© Garland Science 2007) aAlso known as HER2 or Neu receptor.
Table 5-3 The Biology of Cancer (© Garland Science 2007)

« Normalni bu nky obvykle neprodukuji r tstovy faktor , jehoZ receptor nesou na
svém povrchu

» Nadorove bu nky n ékdy aktivuji expresi genu, jenz takovy r  Gstovy faktor
koduje a za ¢nou jej produkovat. Tim samy sebe stimuluji k rastu a déleni
(autokrinni signalizace).

Weinberg RA. The biology of cancer, Garland Science 2007




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




Mutace receptorovych tyrosin kinaz
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Figure 5-12a The Biology of Cancer (© Garland Science 2007)

. Za normalni situace receptor aktivuje bunécné signalni drahy jen pokud
|e na nej navazany specificky ligand (rustovy faktor, growth factor —GF)

. Mutace v genu kodujicim receptor mohou zpusobit, ze receptor je aktivni
neustale, | za nepritomnosti rustového faktoru

Weinberg RA. The biology of cancer, Garland Science 2007




HER2+ nadory — pfiklad mozné cilené lecby malignich nadort

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-a  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 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)

Herceptin (trastuzumab) — monoklonalni
: protilatka uréena pro 1é€bu HER2+ nadoru, tj.
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Priklady bunéénych onkogenu
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Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100:57-70, Adapted




Aktivace receptoroveé tyrozin kindzy umozni sestaveni proteinoveho
komplexu, ktery aktivuje protein Ras

Growth ———

factors g7k (

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)
Thyroid (follicular)
Colorectal
Seminoma
Myelodysplasia
Lung (non-small-cell)

60 (H, K, N)
55 (H, K, N)
45 (K)

45 (K, N)
40 (N, K)
35 (K)

Acute myelogenous leukemia 30 (N)
Liver 30 (N)
Melanoma 15(K) N
Bladder 10 (K)
Kidney 10H

2H, 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

Transcription factors

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




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




- serin/threonin kinaza, ktera se
podili na p Fenosu mitegennich
— signal i v bu niice
factors  RTK ( - mutovan v ruznych typech nadord,

- : napf. karcinomu ovatrii, Stitné"zlazy,
kolorektalnim karcinomu a zejména v
asi 70 % pfripad i maligniho
melanomu
- k mutacim v genu B-Raf dochazi jiz
v ranné fazi vyvoje maligniho
melanomu (jsou pfitomny v asi 80%
benignich név )

http://www.diseaseaday.com/w-content/uploads/2009/03/melanoma.jpg
http://www.lib.uiowa.edu/hardin/MD/dermnet/melanomal.html

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




Draha ERK je v naddorech
aktivovana mutacemi
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RAS mutations in cancer
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» Pancreas 90% (KRAS)

* Melanoma 15% (N RAS)*
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= NSCLC 35% (KRAS)

Proliferation
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Cilend [éCba maligniho melanomu
- inhibice kindzy BRAF

PET scan: Pacient s metastdzami malignino melanomu
pred lecbou a po dvoutydenni leCbé vemurafenibem

Rezistence nddorovych bunék:

Béhem nekolika méesicu se metastdzy opét objevi a na |éEbu iz
nereaguiji..

Potfelba testovat noveé pristupy k Ié¢bé nddorl neodpoyvidajicich na




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




Priklad cilené terapie - inhibice kinazy Abl u CML
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The Philadelphia chromosome results when a piece of chromosome #9 switches

e L) - 5
places with & piece of chromosome #22. The translocation forms an extra-long ‘ % hybrld Bcr-Abl protein
(]

chromosome *8 (called der 9) and an extra-short chromosome #22, which is the
Philadelphia chromosome that contains the abnormal, fused BCR-ABL gene,

Figure 4-15a The Biology of Cancer (0 Garland Science 2007)

TG eI I G i) Weinberg RA. The biology of cancer, Garland Science 2007

Tzv. Filadelfsky chromozom je detekovan ve vice nez 95% pripad chronické
myeloidni leukémie (CML).

Recipro ¢ni translokace mezi chromozomy 9 a 22 vede k tvorbé fuzniho proteinu Bcr-
Abl, ktery si zachovava svoji kinazovou aktivitu, ale tato aktivita neni spravné regulovana.




Gleevec®
(imatinib mesylate)

Na Gleevec odpovida az 90%
pacient G v chronické fazi CML,
postupn é se vSak u bun ék CML
muZe vyvinout rezistence.

Weinberg'RA. The biology of cancer, Garland Science 2007
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Priklady bunéénych onkogenu
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Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100:57-70, Adapted




Amplifikace genu N-myc u neuroblastomu

<10 copies of N-myc

EFS probability

o
N

>10 copies of N-myc

2 3 4 5
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% pfipadd neuroblastomu.

B: Prognoza onemocnéni je velmi dobra u déti, které maji v bunkach neuroblastomu jen minimalni
nebo vubec zadnou amlifikaci genu N-myc. Naopak pacienti s vyraznou amplifikaci genu N-myc maji
vyrazné horSi progndzu.

Weinberg RA. The biology of cancer, Garland Science 2007




Nadmeérna exprese genu c-myc u Burkittova lymfomu

- Maligni nddor B-lymfocytu

- Nejcastéjsi détsky nador v rovnikove Africe

- Na vzniku choroby se podili chronické infekce virem Epsteina-Barrove (EBV = lidsky herpesvirus 4,
zpusobuje infekéni mononukledzu) a sou¢asné parazity zpusobujicimi malarii

normal Burkitt’s heavy-chain immunoglobulin (IgH) gene
chromosomes lymphoma normal
t(8;14) Chromosome 14

14 8q- 14q+ myc proto-oncogene

| .
Chromosome 8
—_—

l reciprocal translocation

IgH myc oncogene

Figure 4-13a The Biology of Cancer (© Garland Science 2007) Figure 4-13b The Biology of Cancer (© Garland Science 2007)

V/ genomu bunek Burkittova lymfomu je exprese genu c-myc Fizena regula énimi sekvencemi DNA,
ktere normaln € zajis t'uji silnou expresit ezkého retézce imunoglobulinu . PFi¢inou je reciproka
translokace mezi chromozomy 8 a 14.

Weinberg RA. The biology of cancer, Garland Science 2007




VSechny maligni nadory musi béhem svého vyvoje ziskat nekolik dulezitych
vlastnosti a schopnosti (rastovych vyhod)

— Rast v p Fitomnosti
Evading inhibi énich signal G
apoptosis

Inhibice apoptozy

Indukce angiogeneze Invaze do okolni tkan é a
Sustained Tissue invasion tvorba metastaz
angiogenesis & metastasis

Neomezené d éleni

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




VSechny maligni nadory musi béhem svého vyvoje ziskat nekolik dulezitych
vlastnosti a schopnosti (rastovych vyhod)

Rust za nep Fitomnosti
vnéjSich r astovych signal

Rast v p Fitomnosti
Evading inhibi €nich signal G
apoptosis

Inhibice apoptozy

Invaze do okolni tkan & a
Sustained Tissue invasion tvorba metastaz
angiogenesis & metastasis

Neomezené d éleni

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




VEGF

» Kyslik se v tkanich p Fenasi difuzi ucinné do vzdalenosti asi 0,2 mm=Bunky, které rostotrve
vétsi vzdalenosti od krevni vliasecnice prestavaji rust protoze trpi nedostatkem kysliku (hypoxie ) a
zivin. Pokud neni pfisun kysliku zajistén, burfiky odumfou.

« Primarni nador nebo metastaza |, ktera dosahne objemu asi 2 mm?3 si musi_zajistit napojeni na
krevni ob éh, aby mohla pokracovat v rustu.

* Bunky v hypoxii vysilaji signal ve form & VEGF (vascular endotheliar growth factor).

»WVEGF se vaze na specificky.receptor na povrchu bun  ék cévniho endotelu a indukuje jejich
proliferaci a migraci sm érem k nadoru.

VEGEF ale neni jedinym regulatorem angiogeneze.
Rozsah tvorby novych krevnich cév zalezi na @ adivators @ inkibitors

z v ° 4 2= VEGF-A thrombospondin-1,-2
rovnovaze téchto faktort v dané tkani. VEGF-B,-C interferon a/p

FGF1 (aFGF) angiostatin

FGF2 (bFGF) endostatin

other FGFs collagen IV fragments
etc. etc.

igure 13-46 The Biology of Cancer (© Garland Science 2007)

Weinberg RA. The biology of cancer, Garland Science 2007




Chaotické usporadani cév zasobujicich

nador je zpusobeno deregulaci

mechanismu zodpovédnych za jejich rast

(nadmérna produkce VEGF bunkami

néadoru) Avastin (bevacizumab)

VA v ) & 0] !
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Cliiims

RS —— http://www.interpharma.ch/bietechlerncenter/ downloads/img_avestin.gif




VSechny maligni nadory musi béhem svého vyvoje ziskat nekolik dulezitych
vlastnosti a schopnosti (rastovych vyhod)

Rust za nep Fitomnosti
vnéjSich r astovych signal

Rast v p Fitomnosti
Evading inhibi €nich signal G
apoptosis

Inhibice apoptozy

Indukce angiogeneze Invaze do okolni tkan & a
Sustained Tissue invasion tvorba metastaz
angiogenesis & metastasis

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




Normalni bu Aky maji omezeny replika €ni potencial ,
tzn. ze se nemohou délit do nekonecna
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Figure 10-2 The Biology of Cancer (© Garland Science 2007)

Napr. lidske fibroblasty se v kulture intenzivné déli po asi 60 generaci a pak se délit pfestanou a
vstoupi do stavu,kteremu se fika (replikativni) senescence , kdy sice zUstavaji Zzivotaschopné po
velice dlouhou dobu, ale bunécny cyklus navzdy opustily.

Weinberg RA. The biology of cancer, Garland Science 2007




Senescence vede k vyrazné zm éné morfologie bu

Figure 10-3b The Biology of Cancer (© Garland Science 2007)

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

B: Senescentni bunky zmeni tvar a zacnou produkovat nékteré markery senescence, napfiklad zvlastni
formu B-galaktosidazy , enzymu, jehoz pritomnost mizeme v burikdch snadno detekovat pomoci
chromogenniho substratu (modré zbarveni bunék)

Weinberg RA. The biology of cancer, Garland Science 2007




Bunécény cyklus je fizen komplexy cyklint s cyklindependentnimi kinazami

A CDK2

Figure 8-8 The Biology of Cancer (© Garland Science 2007)

» Kazdy typ cyklind interaguje se specifickou
cyclin-dependentni kindzou (CDK)

» CDK fosforyluji cilové proteiny na
aminokyseliné serinu nebo threoninu

* Vazba cyklinu zvySuje enzymatickou
aktivitu CDK, napf. navazani cyklinu A na
CDK2 zesili aktivitu of CDK2 400000 x !

Weinberg RA. The biology of cancer, Garland Science 2007
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* Inhibitory CDK jsou proteiny, které se vazou
na CDK a inhibuiji jejich kindzovou aktivitu

» Tyto inhibitory jsou indukovany raznymi
signalnimi drahami. Napf. p15 je indukovan
TGFB a umozni vstup do G, pl16 se podili
na indukci senescence, p21 je indukovan
nadorovym supresorem p53 pfi posSkozeni
DNA




K senescenci z fejmé vede postupné zvySovani exprese'n  ekterych inhibitor "tr CDK

3 18 26 32 36 42 43 PD
7 42 60 74 84 98 100 % lifespan

Napf. fibroblasty v kultufe zaCinaji produkovat dva
dalezité inhibitory cyklin-dependentnich kinaz

B e 21 i S - ) -
které jsou schopny inhibovat déleni bunék: p21 a p16

- e @ p16

» Uméle indukovana exprese proteinu pl16 ve fibroblastech vede u téchto bunek ke stejnym
zménam, jaké pozorujeme pfi replikativni senescenci.

» Nadorove bunky expresi p21 a p16 ztraci a ziejmé pravée timto zpusobem dokazi senescenci
zabranit

Weinberg RA. The biology of cancer, Garland Science 2007




Pocet délelni bun ék také omezuje délka jejich telomer

» Telomery jsou tvo Feny nékolika tisici opakovanimi kratké sekvence DNA(6'bp )

* Funkci telomer je ochrana konc @ chromozom u (A)

* DNA polymeraza nedokaze uc¢inné replikovat konce chromozomu a tak dochazi p Fi kazdém

rozd éleni bu Aky ke ztrat é asi 50-100 bp z konce telomer

* Prilis kratké telomery nedokazi plnit svou ochrannou funkci a chromozomy za _€inaji fuzovat (B) a
buriky vstupuji do tzv. stavu krize (anglicky crisis).

» Flzované chromozomy se nedokazi odd élit b @hem mitdézy a dochazi ké zlom um, které vedou k
velkym zm énam karyotypu a obvykle kon €i programovanou smrti bu mky (apoptozou)

(R)

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

Weinberg RA. The biology of cancer, Garland Science 2007




Kratké telomery mohou veést k opakovanym fazim azlo  mum chromozom u

nonhomologous
chromosome new point
; earlierpoint g offusion ]
point of of facion earlier point
of fusion
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anaphase bridge j

new breakage
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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 normalni a nadorove bu  nky

NORMAL CELL

i

DBRDER AND ANARCHY: Anarmal human cell’s chromosome set, or
karyotype [feft], includes pairs of 23 standard chromosomes,
whereas a tumor cell, like all cancers, exhibitsthe irregular karyotype
[right] described as aneuploid: some whole chromosomes are
missing, extra copies of others are present, and many have traded

TUMOR CELL

Marker chromosomes |

ar ]

94412 14 2247
—mim| = g [Fragment
sources

fragments. Ameng these are so-called markerchromosames, whose
distinctive structural rearrangements are seenkn all the tumor's cells,
indicating changes that originated in the celi that spawned the cancer.
Mumbers under each one specify the sources of its fragments; plus
and minus signs identify those that are larger or smallerthan usual.

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




Vyvoj rakoviny je postupny pomaly proces, ¢asto trvajici desitky let

MODERATE

0
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ibedghane
aasdsanad

NORMAL INITIATED PRE-CANCER

colon 5-20 years adenoma 5-15 years

dysplastic oral
leukoplakia

cervix CIN 1 9-13 years CIN 3/CIS 10-20 years

head and neck tobacco use 4-10 years 6-8 years

lung (smokers) 20-40 pack-years

atypical
hyperplasia

prostate 20 years =10 years latent cancer 3-15 years

breast DCIS 6-10 years

Ke vzniku maligniho nadoru je u ¢lovéka tfeba 4-6 mutaci !

Figure 11.7 The Biology. of Cancer (© Garland Science 2007)




Rakovina je pfevazné nemoci vyssSiho veku

Figure 2.1: Number of new cases and rates, by age and sex,
all malignant neoplasms (exc NMSC), UK, 2006
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Kumulace mutaci a progrese adenokarcinomu streva

adenoma

/
i

! malignant tumor
, mass invading
~muscle

normal

epithelium muscle

DNA
hypomethylation

activation loss of

f K- 18q TSG
loss of APC ° l ras ql loss of p53

normal l’ hyperplastic early- intermediate —» late l
epithelium epithelium adenomas

Figure 11.8a The Biology of Cancer (© Garland Science 2007)

Figure 11.10 The'Biology of Cancer (© Garland Science 2007)




Mutace vedouci ke vzniku nadoru

1. Somatické mutace - vynikaji de novo v somatickych bunkach a méni jejich
vlastnosti. Pfenasi se do dcefinych bunék, ale nedédi se.

Zarode €éné mutace — vznikaji v genomu spermie nebo vajicka, nebo jejich
prekurzoru v gonadach. Mutace se mohou prfenaset na potomstvo a mohou
predisponovat k riznym typum nadordu.

A: Sténa tlusteho streva jedince postizeného familialni adenomatézni polyp6zou (obvykle
zpusobena zarodecnymi mutacemi v nadorovém supresoru APC).
B: Normalni tlusté stfevo

Weinberg RA. The biology of cancer, Garland Science 2007




Kumulace mutaci a progrese adenokarcinomu streva
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Figure 11.8a The Biology of Cancer (© Garland Science 2007)

Figure 11.10 The'Biology of Cancer (© Garland Science 2007)




Nadorovy supresor p53 a kontrola bunééné odpovedi
na stresove podnéty

p53 je transkripéni faktor, ktery reguluje Li-Fraumeni syndrem
odpovéd na ruzneé stresoveé podnéty
» Dédi¢ny nadorovy syndrom
* PostiZeni jedinci nesou mutace v genu pro
p53
e Jsou nachylni k celé radeé raznych nador u:
sarkomy, nadory mozku, prsu, plic atd.

détstvi nebo viprubéhu dospivani

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




Indukce p53 a zastava bunécného cyklu pfi poskozeni DNA
lonizujicim zafenim

DNA damage

!
}

D p21 Cip1

actin -—“ ‘. G. G. .

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

Poskozeni DNA indukuje rychlou stabilizaci p53 a indukci exprese cilovych genu,
napr. inhibitoru CDK p21, coz vede k zastavé bunécneho cyklu, ktera umozni
opravy poskozené DNA

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




Thymocyty (leukocyty v brzliku) mysi s vyfazenymigenem pS3 jSou rezistentni K
apoptoze vyvolané ionizujicim zarenim
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Weinberg RA. The biology of cancer, Garland Science 2007




V nadorech je obvykle vyfazena funkce nadoroveho supresoru p53:

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

TP53 mutation prevalence (as recorded in the IARC Database, R7)
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Priklad cilené terapie pro nadory exprimujici nadmerné mnozstvi Mdm2

Sﬂlﬂﬂ{,ﬂ In Vivo Activation of the p53 Pathway by Small-Mole  cule Antagonists of MDM?2
SN, Lyubomir T Vassiley, Binh T. Vu, Bradford Graves, Daisy Carvajal, Frank Podlaski, Zoran Filipovic,
X Norman Kong, Ursula Kammlott, Christine Lukacs, Christian Klein, Nader Fotouhi, Emily A. Liu

Science 303, 844 (2004)

Mutlin 3

http://www.bioscience.org/2008/v13faf/31 75/figures.htm




Neni mozné nalézt univerzalni |k pro 1é €bu vSech zhoubnych nador; u'!

Rakovina neni jedno onemocn éni !

» Zhoubné bujeni muze postihnout mnoho raznych bunéénych typt
- Existuje vice nez 100 r iznych typ G nador
* | v ramci jednoho typu nadoru muze k jeho vzniku vést celd fada riznych mutaci |,

coz komplikuje cilenou lecbu
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Problem v casné detekce onemocn éni:
Nador o velikosti 1 em 2 obsahuje asi 10 ° bun ék!

Priklady karyotypu tfi rznych
bunécnych linii karcinomu plic

http://www.path.cam.ac.uk/~pawefish/cell%20line%20catalogues/
lung-cell-lines.htm




Vyznam prevence !!!

Pravdépodobnost onemocnéni nejcastéjsimi zhoubnymi nadory je
vyznamné ovlivnéna stravou, zivotnim stylem a dalsimi faktory
zivotniho prostredi

Table 2.7 Known or suspected causes of human cancers

Environmental and lifestyle factors known or suspected to be etiologic
for human cancers in the United States®

Type % of total cases®

Cancers due to occupational exposures
Lifestyle cancers
Tobacco-related (sites: e.g., lung, bladder, kidney)
Diet (low in vegetables, high in nitrates, salt) (sites: e.g., stomach,
esophagus)
Diet (high fat, lower fiber, broiled/fried foods) (sites: e.g.. bowel,
pancreas, prostate, breast)
Tobacco and alcohol (sites: mouth, throat)

Weinberg RA. The biology of cancer, Garland Science 2007




Rakovina plic byvala velice vzacnym nadorovym onemocnenim !!!
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Narust poctu umrti na rakovinu plic opozdén za narustem spotreby cigaret o 30 let !!!

Figure 11.2 The Biology of Cancer (© Garland Science 2007)




Dékuji Vam za pozornost...
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