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Nador:

eAbnormalni r ust bunék, které maji sklon
a v nékterych pripadech i k metastazovani, tedy
K rozSirovani se po organismul.

» Podle definice je Geny jsou malé useky DNA
které nesou zakladni informaci o proteinech, které&e pak podili
na procesech nezbytnych k funkci kazdeé hiky a umoziuji naSemu

télu dychat, myslet, pohybovat se atd.

 Mnohé geny koduji za kontrolu procesu
. Vyvolané zng&ny v DNA (bodovée mutace,

Inzerce, delece atd.) maji za nasledek vznik (i) pteinta

se znénénou funkci, které
nebo (ii) proteina, které naopak




normalni tkan J'

nadorova tkéa \
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Nadorovy proces je mnohastugiovy

POCATECNI STREDNI CIS

ORVALNE.

tlusté stevo  IETIEED> adenon T
o dysplasticka ustng
hlava a krk leukoplakie 6.8 let
&ipek CIN | _m_ CIN I/ CIS
Faka

e I
prs hyperplazie DCIS
prostata PIN m latentni m
karcinom




Objeveni onkogeri!

ONCOGENES OF RNA TUMOR VIRUSES AS
DETERMINANTS OF CANCER 1 9 6
HEA

By RoBERT J. HUEBNER AND GEORGE J. TODPARO

ARCINOGENESIS BRANCH, NATIONAL CANCER INSTITUTE, NATIONAL INSTITUTES OF LTH,
BETHESDA, MARYLAND

Communicated 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 tva¥lmadofi objeveny geny RNA vir
v genomu obratloMc odpowvdné za transformaci normalnirky
na buiku nadorovou (nazvané onkogeny), které @Agte&ns

nebo i kompletd aktivovany karcinogeny, ¥@nim nebo i normalnim
procesem starnuti.

Pochopeni mechanism, kterymi se normalni buika brani expresi
téchto endogennich virovych informaci, niize vést k nalezeni
cesty potencialni terapie gkterych typa nadori.




ldentifikace sekvenci s funkci nadorovych
supresorovych geiti

II.  Analyza transformace bunky onkogennimi
DNA viry.

Ill.  Analyza genu kodujici vrozené sklony k
rakoviné.




|. FUze bunék

Nadorova buika Normalni burika




Vysledky fuze

Hybridni bu nky rostou jako normalni bunky.

Charakteristika maligniho ristu je recesivni.
Normalni bunky potlac¢uji abnormalni rast.

V pripadé ztraty nékterych chromozomii
normalnich bunék v hybridnich, se maligni nist

ZNOoVU projevi.

Nesouhlasi s teorii 0 onkogenech.




ldentifikace sekvenci s funkci nadorovych
supresorovych geiti

Analyza bunécnych hybrid.

Ill.  Analyza genu kodujici vrozené sklony k
rakoviné.




Il. Onkogenni DNA viry 1

DNA genom
Schopnost transformovat buiky v kultu re

SV40, Polyomavirus,
Adenovirus (u imunosuprimovanych zviat)

Lidsky Papillomavirus (HPV) - rakovina d élozniho
hrdla

Virus Epsteina a Barrové (EBV) - Burkitt v
lymfom




Il. Onkogenni DNA viry 2

e SV40:
velky T antigen

e Adenovirus:
proteiny rane faze exprese Ela, E1b

e HPV:
proteiny E6 a E7




Objeveni proteinu p53

( Reprinted from Nature, Vol. 278, No. 5701, pp. 261-263, March 15, 1979)

© Maemillan Journals Lid., 1979
March 15" 1979

T antigen is bound to a host
protein in SV40-transformed cells

THE carly region of the small DNA tumour virus, simian virus
40 [SV40), 1s known to code for at least two polypeptides, the t
and T antigens (‘small t’ and ‘large T'). Both these polypeptides
are expressed in cells transformed by the virus'™®, and the T
e e — :ntial for both the imtiation and
mai [ » state” ’, We therefore need to
kne - ts with components of the host
cell - mechanism of SV40-induced
trar that the T antigen in a line of
SV« : forms an oligomeric complex

g 3 ' I
J-transformed mouse cell line

[ 1

c.pm

gl antiscie.

\/I{e][e]0)Y2 98(2):308-18.
The SV40 A gene product is required for the producti
cellular tumor antigen.




Originalni obrazek gelu dokumentujici
objeveni proteinu p53

10 30 100




Proteiny onkogennich DNA viri inaktivuji
nadorové supresorove proteiny p53 a Rb

SVv40

velky T antigen

Interakce nalezena imunochemicky.
Protilatky proti velkému T antigenu imunoprecipitovaly
asociovane proteiny.




Proteiny onkogennich DNA viria inaktivuji
nadoroveé supresorove proteiny p53 a Rb

Adenovirus

Interakce nalezena imunochemicky.
Protilatky proti E1LA imunoprecipitovaly pRD.
Protilatky proti E1B imunoprecipitovaly p53.




Proteiny onkogennich DNA viri inaktivuji
nadorové supresorove proteiny p53 a Rb

HPV

Interakce nalezena imunochemicky.
Protilatky proti E7 imunoprecipitovaly pRb.
Protilatky proti E6 imunoprecipitovaly p53.




Proteiny onkogennich DNA viria inaktivuji
nadorove supresorove proteiny p53 a Rb

o Vazi p53 odlisSnym zpgisobem
a) TaElb ale inaktivuji
b) E6 zpisobuje rozklad

 VSechny vazi pRb pomoci stejného peptidového
sekveréniho motivu




Pro¢ nebyla od p@&atku objeveni proteinu
p53 jasna jeho funkce?

P53 probihala velmi chaoticky meziésem
onkogeri a s\vtem nadorovych supresor

Byla poznamenana jednim velkysni :
ktery zpisobilo nedmysiné naklonovani mutované formy
genu p53 v laboratg ktera jej pak poskytla dalsim pracovistim.

Urcity podil viny na fivodni dvojsmyslinosti funkce proteinu p53
ma roviéz nas sklon klisné kategorizaci vysledkve smyslu
uspokojovat nas zjednodusSeny pohled &duv




Experimenty potvrzujici onkogenni funkci
proteinu 53

p53 DNA

p53 DNA- normalni mysi morfologicky

fibroblasty transformované injekce morfoloqicky
buiiky transformovanych

ransfekéni '
transieke bunék do hostitele

Smeés

nador 1

2

Nature. 2312(5995): 596-7.
Cell immortalization and transformation by the p53 gene




Prvni zminky o rozdilnych funkcich mutované
a hemutované formy proteinu

MoLEcULAR AND CELLULAR BioLocy, Feb. 1988, p. 531-539 Vol. 8, No. 2
0270-7306/88/020531-09502.00/0

Copyright © 1988, American Society for Microbiology

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 p53 proteins were detected, PAb246"
monoclonal antibody, respectively. The PAb246~ p53 pref
a half-life 4- to 20-fold longer than free p53 (PAb246%). TI
in the transformation process. cDNAs for pS3 derived firc
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

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

The products of two groups of DNA tumor viruses bind
p53

p53, a 375-amino-acid nuclear phosphoprotein, was first
detected because it formed a tight complex with the
SV40 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-
cc DE Drod 0 tle a1 ils D el

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




Prvni zminka o pojmu ,Gain of Function®
proteinu p53

Different Tumor-Derived p53 Mutants Exhibit
Distinct Biological Activities 1990

ORNA HALEVY, DAN MICHALOVITZ, MOSHE OREN*

In its wild-type form, the protein p53 can interfere with neoplastic processes. Tumor-
derived cells often express mutant p53. Full-length mutant forms of pS3 isolated so far
from transformed mouse cells exhibit three cornmon properties in vitro: loss _of
transformation-suppressing activity, gain of pronounced transforming potential, and
ability to bind_the heat shock protein cognate hsc70. A tumor-derived mouse p53
‘variant is now described, whose site of mutation corresponds to a hot spot for p53 in
human tumers. While absolutely nonsuppressing, it is only weakly transforming and
exhibits no detectable hsc70 binding, The data suggest that the ability of a p53 mutant

to bind endogenous p53 is not the(sole determinant of its oncogenic potential. The
data also support the existence of gain-of-function p53 mutants.

Definitivni ustaleni pojmu ,Gain of Function®
Yia % pro protein p53

Nature Genetics 4, 42 - 46 (999

mutations in p53
Dirk Dittmer 1, Sibani Patit, Gerard Zambetti!, Shelley Chu,
Angelika K. Teresky!, Mary Moorel, Cathy Finlay! & Arnold J.
Levine! Department of Molecular Biology, Princeton
University, Princeton, New Jersey 08544-1014, USA




ldentifikace sekvenci s funkci nadorovych
supresorovych geti

l.  Analyza bunécnych hybridi.

II.  Analyza transformace bunky onkogennimi
DNA viry.




I1l. Vrozené sklony k rakovin é
1-10% nadoni

Retinoblastom PRb gen
_I-Fraumeniho Syndrom p53 gen
ANPCC Mut S gen

AV ® APC gen
Nador prsu BRCA1/2 gen
Melanom P16




I1l. Vrozené sklony k rakovin é

« Defekty v regulaci burééneho cyklu.
« Defekty v odpowdi bunky na stres.

» Defekty v DNA repara¢nich mechanismech.




Protein p53

Defekty v regulaci burééneho cyklu.
Defekty v odpowdi bunky na stres.
Defekty v DNA reparacnich mechanismech.

Defekty p53 v zarod€nych bunkach zpisobuji
celkovou nachylnost k rakovirg.

Somatické mutace ve vice nez 50% nadbr

MysSi bez p53 maji rakovinu.




Vyvoj publika ¢ni aktivity v oblasti p53

Pocet publikaci tykajicich se p53 ke 31. 12. 2007
(zdroj National Library of Medicine - PubMed)

1985 1990 1995 2000 2005 2010

Rok publikace

92%




DNA-PK

CHK2
CKI
ATM

ATR JNK

1 transactivacni regulaéni 393
oligomerizacni doména
doména

248 |273

doména DNA vazebna
doména

200

100
50

Mutace p53 nalezené v lidskych nadorech.




,Strazce genomu®

CANCER

p53, guardian of the genome

D. P. Lane

RESEARCH on the p53 protein is at fever
pitch. In the past couple of years it has
become clear that inactivation of its
tumour-suppressor activity is an almost
universal step in the development of

1992

MDM2 may, like the DNA tumour virus
oncoproteins, simian virus 40 large T
antigen, adenovirus Elb and papilloma
virus E6, inactivate the tumour-
suppressor activity of p53 by complexing

human cancers!. But what does normal

CANCER

to it. Amplification of MDM2 produc-

A death in the life of p53

D. P. Lane

THE papers on pages 847 and 849 of this
issue!-? establish the involvement of p53
in the induction of apoptosis by radiation
and chemotherapeutic DNA-damaging
drugs. This discovery brings together

1993

work in normal development

The new studies provide compelling
evidence in support of these concepts.
Lowe er al." and Clarke et al.?> decided to
investigate the role of p33 in_a classic

12,13




STRES: nedostatek Q

UV/y zareni
chemoterapeum 'l}

Funkeni protein p53

—

Nefuntni protein p53




normalni tkan J'

nadorova tkéa \
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Akumulace funkéniho proteinu p53

nedostatek UV

nukleotidu \
/

hypoxie — \Q = iONizujici z&eni
A\

expozice NO 7 1 N chemoterapeutika

Apoptoza Zastava burééného cyklu




Ztrata funkce p53

Virove proteiny
HPV-E6, SV40-velky T antigen ATM and CHK2
Adenovirus-E1B

\Y v genuTlP
Proteiny Mdm2, p14/Arf utace v genuTPs3

oncogeny




Normalni funkce nemutovaného proteinu p5

@ — bax, p21, mdmz2, scotin




Hladina proteinu p53 v bu

|

E—

==




Model zpétnovazebné smyky:
nemutovany protein p53




P53 a Mdm2 jsou spojeny negativni
Zpétnovazebnou smykou




Mdm2 brani p53, aby nas zabll

viabilni,
nachylna k rakoviné

M\J—b em,bryonélné
/ letalni

0 . > viabilni,
@@\J nachylna k rakoviné




Shrnuti

V normalnich bunkach je hladina p53 neustale
kontrolovana prostirednictvim Mdm2 zavislou
degradaci.

Stresové podiéty blokuji proces degradace p53
a tim tento protein aktivuji k ochrané bunky.

Vice nez polovina nado# postrada tuto

funk ¢ni drahu diky vyskytu mutaci v proteinu
PS3.

Funkéni protein p53 chrani genom buiky.




p53 a klinicka praxe: jaka je budoucnost?

Celarada novych poznathi o proteinu p53 a jim regulovanych
drahach otewela debatu, zda tyto nové informace mohou ovlivnit
klinickou praxi.

Proc¢ se protein p53 30 let po svém objeven
nepouziva v rutinni diagnostice?




ARF ATM ATR

Zastava d éleni : . _ 5
Reparace poskozeni : Moznost predikce ~

Nekontrolovana proliferace
Insuficientni apoptoza

Terapie zalozena na stavu p53




,Lé ¢ba rakoviny”




Midzeme se
odvazit rici
J1é¢ba
rakoviny“?

THE WORLD'S LARGEST SCIENCE & TECHNOLOGY MACATINE

t WHAT™S NEW sai I E

Cellp I:m nes

mnart E Spay

Dare We Say

Cure for

Cancer?

This pill is saving lives ,-"
—and others Like it
may save yours,

NEW YORK TO L A ‘
IN EECUHU TIME

WELCEHE TO MARS

IDN EARTH i

THE HDTATPHE H'UHE

)




Rakovina: obvyklé otazky

o Kdy bude rakovina vyk&ena?
* Prcc to jesSt neumime?

 Pomize nam spani pod krystaly?




Rakovina: s\wetovy problém

e 10 miliond Umrti rané
e 6 milioni novych gipadi rocne

e 22 milioni zijicich postizenych

Vzristajici incidence ve starnouci populaci




Rakovina: kli¢ove strategie

e VV¢asna detekce
o EfektivnéjSi vyuziti dostupné terapie

* Nové |&ebne postupy




Dieta a pohyb
dalSi hranice prevence




Aktivni prevence

Obrovsky uspéch vakciny proti
HPV?

Muze byt predejito az 250 000
umrtim ro ¢nél!




Rakovina: kli¢ove strategie

* Prevence

o Efektivn¢jSi vyuziti dostupné terapie

* Nové |&ebne postupy




Screening




Vyhlidky screeningu
Presrgjsi

Levné|Si a rychlejsSi

Méné invazivni odbér vzork

Pokroky v zobrazovaci technic

Co nas na screeningu
znepokojuje

Pouzivame nejlepsi metody?
Jsou vysledky vypovidajici?

Vyplati se?




Je screening vzdycky efektivni?

Novy test na rakovinu prostaty (PSA)
Detekce o &t let drive

Beze znény |&by

Beze zn¢ny mortality

Pacienti s karcinomem prostaty ziji & et déle!

A jeding, co jsme uflali je, Zze jsme
pét let diive




Je screening vzdycky efektivni?

Karcinom prsu:
- operuji se mensi nadory
- v diasledku mamografického screeningu a lepsich

zobrazovacich metod
- pacientky s mensimi nadory a dostupnou terapii

mayji vétsi Sanci na trvale vylé€eni

C58 = ZN prsu, Zeny
wiuo] zasztoupeni klinickich stadii
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o
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Rakovina: kli¢ove strategie

e Prevence

e \/¢asna detekce

* Nové |&ebnée postupy




Zdokonalena l&ba

* Délejme totéz, ale Iépe

Medicina zalozena na dkazech
Audit

Klinické testy
Individualizovana péce

Opatrné se statistikou a s tim, c@tete!




Rakovina: kli¢ove strategie

e Prevence
e \V¢asna detekce

« EfektivnéjSi vyuziti dostupné terapie




Nova |&ba

Nove léky Gleevecdhronickam myeloidni leukémig)
Iressa flicni karcinon), Tarceva
(plicnl’ karcinorr)

Nove protilatky Herceptinafti-Her2, karcinomy pry
Avastin (anti-VEGF, steva, a obechostatni
nadory), EIrbItuX (anti-EGFR, hlava, krk,
stfeva)

Cilené na molekularni ziny nadorovych bufk
Netoxické
Efektivni




Hledani terapeutickych cili

Geny poznénéné v nadorovych buikach
kodujici protein
jehoz funkce mize byt ovlivnéna lekem
¢i protilatkou
a umoaiuje zabiti nadorove, ale ne
normalni bunky

e A gleevec




Definice nadorového genotypu a fenotypu

« Kolik existuje typu rakoviny tlustého streva?
o Ktery bude reagovat na ,mij" [ék?

o Jak mohu tyto nadory snadno vybrat?




monoklonalni nador polyklonalni nador

0,000, 00, O 0000, C

L normalni charakter

TRANSFORMACE - --

nadorovy charakter

The Biology of Cancer (© Garland Science 2007)



geneticky heterogenni
primarni nador

diseminace metastatickych kikn
nasledné odstrani primarniho nadoru

schopnost
kolonizace

nova, sekundarni vina
metastatické diseminace

nové mikrometastazy

LY & 88
U

mnohaetné makroskopické

metastazy, relaps chorob

The Biology of Cancer (© Garland Science 2007)







FISH analyza chromosoma

oy mél dostat Gleevec?
oy mél dostat Herceptin?
Dy mél dostat ...... ?

bllll

U T ITIRL T

VSechny tyto otazky
“': TLL AT ZOdeVI’ FISH




Cipy ,se v&im"




Proteinovécipy — SELDI-TOF MS

Microdissected alveolar septum
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Lung tissue section

Relative intensity




Hledani vhodneho pacienta

Dosahuje |ék efektivnich koncentraci?

Zasahuje primo nador?

Mohu mérit odpovéd’ jednoduchou, neinvazivni
cestou?

Jaka je kvalita zivota pacienta?




Vyvo] hoveho preparatu

Timescale of taking a drug from the laboratory to the patient

Clinical candidate identiliad Licensed for clinical usé

[ T
L TE § 12 v 20 i

¥

e e lr}

R iesadad ] it




Vyhravame nebo prohravame
valku s rakovinou?

M Uspéch
B nelspich

95% protinadorovych latek v prvni fazi vyzkumu
se nedostane az do praxe...




...ale ani ty, které usg@ji nemusi byt
zazracne...

e Erbitux 7 tydna zivota

e Avastin 16 tydni zivota




... aJsou velmi drahé

e Erbitux $ 300,000 za rok zivota
e Avastin $ 124,000 za rok zivota

National Institute for Health and Clinical Excellence
(NICE) v UK NHS rekla obéma:

toto je na mis& pro nel&itelné a pokrocilé
nadory!

V rozhodovani je nutna urcita opatrnost ve vyleru
pacienti, protoze tyto léky mohou mit efekt pro
pacienty, u kterych byl odebran maly nador, nebyly
nalezeny metastazy a chceme odstrani¥padnée

mikrometastazy.




... protoze vydaje za neusgsnych
95 % musi byt ziskany z[gt

400 latek v klinickych studiich, &tSinou proti
rakoviné.

95% lecenych pacienti nepomohly dostaténeé.
$4000,000,000 promaréno ($ 10,000,000 za fazi I).

Farmaceutické spol€nosti utraci vice za marketing
nez za vyzkum.




Proc¢ rybarime naslepo?

Vrtkava (nejista) véda

Nevyhovujici preklinické modely (problematika
studii na zviratech)

Komeréni tlak

Nedostatek znalosti o pacientovi a profilu nadoru

Ob¢éasné dramatickeé usgchy




Odpovedi je celarada

Spolehliva wda

Cilena validace

Podpora akademickeho vyzkumu léiv
Noveé modely a nastroje

Uéelné testovani

Biomarkery odpovédi
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China became the first country to approve
the commercial production of a gene ther-
apy, and it is due to hit the market in early
January, Despite technical hurdles and the
wary attitude of regulatory authorities out-
side China, other countries are expected to
soon follow suit.

On October 16, 2003, Shenzhen SiBiono
GenTech (Shenzhen, China), obtained a
drug license from the State Food and Drug
Administration of China (5FDA; Beijing,
China) for its recombinant Ad-p53 gene
therapy for head and neck squamous cell
carcinoma  (HNSCC)—a  cancer  that
accounts for about 10% of the 2.5 million
annual new cancer patients in China. Sold
under the brand name Gendicine, the

Vatican Council debates agbiotech p4

UK to pursue contract clinical trials p5

Cancer trials get set for biomarkers p6

News in brief pl1

News Feature: Signal transduction inhibitors p15

China approves first gene therapy

“SiBiono's approach is not a trivial
one,” Jean-Francois Carmicer. CEQ of
Transgene (Strasbourg, France) com-
ments. “Introgen has been using a
similar strategy for head and neck
cancer and their product is l;hnl.-.'ir:l;
encouraging results in Phase 3 trials”
(see Table 1),

The success of SiBione was in over-
coming difficulties in developing the
right system for delivering its aden-
aviral vector—considered an effective
way of introducing a gene into tumor

cells—without integrating the genein
B il g Zhachu Peng receives an approval certificate issued by

) ; I China’s State Food and Drug Administration tor
ating genetic alterations. SiBiono has  Gandieine, the warld's first commercial gene therapy
addressed safety concerns by carefully

the host cells’ chromosomes and cre-




Podé&kovani pat Fi

Masarykovu onkologickemu ustavu, Brno
Grantovym agenturam podporujicim nasi praci

VSem pracovnik Gm podilejicim se na FeSeni projektu,
externim spolupracovnik Gm
technickému personalu

...bez nichz by nebylo mozno vysledk U dosahnout.
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