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ProcC se tvofi nadory?

ProC se v nekterych rodinach Sifi opakovane?

Pro¢ u nékoho vznikne nador brzo a nékdo ho vubec nedostane?

Je rakovina CastejSi dnes nez v minulosti?



Rakovina: genetické onemocneni

« Akumulace somatickych mutaci v protoonkogenech a nadorovych
supresorovych genech vedouci ke vzniku nadoru

« Dukazy
* Nadorovy stav je klonalne dédicny (dcefiné bunky jsou rakovinne)
* Viry zpusobuji indukci nadort
* Hereditarni nadory v rodine
« Mutagenni latky zpusobuji nadory
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Examples of International Agency for Research on Cancer gmo

(IARC) Carcinogenic Classifications

Pickled
vegetables
- (tactions| Art glass, glass
Hair coloring products — Infhshs) Talc-based Nightshift containers and
Insulation body powder Work pressed ware
glass wool (manufacture of)

Working as a
barber/
hair dresser

High
& temperature

Glyphosate

Magnetic fields

Caffeine/Tea

Fluorescent lighting

Tobacco

Since 1979,
IARC has reviewed hundreds

of products, chemical compounds,
lifestyles, viruses, workplaces

and other agents for their carcinogenic

potential. Here are some examples of

IARC’s hazard identifications'.

Caprolactam .
Sunlight

Note: Of the hundreds of agents IARC has reviewed,
this chemical, primarily used in the manufacturing
of synthetic fibers, especially nylon, is the ONLY item
IARC has ever placed in this category.

Alcoholic
beverages

Outdoor air pollution

! hitp:/fwww.24d reviews/IARC-and-24D.php
* hitp.//monographs.iarc. f/ENG/Classification/ClassificationsAlphaOrder. pdf
* hitp//www.epa.govitnatwOl/hithef/caproiac. html




« Onkoviry — viry zpusobuijici karcinogenezi
 DNAviry i RNA viry (retroviry)

Percentage of

Virus type Type of virus Associated cancer(s) Incidence global cancers
Hepatitis B (HBY) DNA Hepatocellular carcinoma >50% cases 4.9
Hepatitis C [HCV) RINA Hepatocellular carcinoma 27% cases 4.9
Human papillomavirus (HPY) DNA Cervical cancer >99% cases 52

Anal cancer Up to 93% cases

Vulvar cancer 50% cases

Vaginal cancer 65% cases

Head and neck squamous cell 45-90% cases

carcinoma

Penile cancer 35%
Human T-lymphetropic virus 1 RNA Adult T-cell leukemia/lymphoma <10% cases 03
(HTLV-1)
Kaposi sarcoma-associated herpes- DNA Kaposi sarcoma All cases 0.9
virus/human herpesvirus 8 (KSHY/ Multicentric Castleman disease
HHY-E) Primary effusion lymphoma
Merkel cell polyomavirus (MCV) DA, Merkel cell carcinoma BO% cases Unknown
Epstein-Barr virus (EBV) DINA Burkitt lymphoma 99% cases 1-1.5

Nasopharyngeal >99% cases

Classic Hodgkin lymphoma 40% cases

F'crsﬂ'rﬂnsphnlaliﬂn |}rmp|'|oprﬂ|iferuﬁve Maost cases

disease

Gaskric cancer B8.7% cases

e Diffuse large B<cell lymphoma 20% cases



DNA mutace — dedicha zmeéena v sekvenci DNA

Vedou k variabilité genomu, podminkou evoluce
Mala (ale prece) chybovost v DNA opravné masinerii

Somatickeé (v nepohlavnich bunkach, vSechny klony bunky maji mutaci)
Hereditarni mutace (pohlavni b., mutace se prenasi na potomstvo)

Spontanni — bez externi priCiny, chyba béhem replikace DNA
Indukované — vngjsi faktory, mutageny



DNA mutace — dedicha zmeéena v sekvenci DNA

Missense (zamena jednoho nukleotidu vede ke zméné AK a nefunkCnimu nebo
trvale aktivnimu proteinu)
GTG — GAG (gen BRAF, mutace V600OE) — melanom
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DNA mutace — dedicha zmeéena v sekvenci DNA

Missense (zamena jednoho nukleotidu vede ke zméné AK a nefunkCnimu nebo
trvale aktivnimu proteinu)
GTG — GAG (gen BRAF, mutace V600OE) — melanom

Nonsense (zaména jednoho nukleotidu vede ke stop kodonu a zkracenéeému
proteinu) — BRCA1 u nadoru prsu

Indels (inzerce a delece jednoho nebo vice nukleotidu v genu) — posun ¢teciho
ramce — inaktivace proteinu APC — polypy a kolorektalni karcinom

Chromosomové prestavby (spojeni dvou chromosomu) — vznik fuzniho genu a
nespravne fungujiciho proteinu — fuzni gen BCR::ABL (Filadelfsky chromosom)
u chronické myeloidni leukemie




(Proto)onkogeny

« Poprvé popsany jako virové onkogeny (v-onc)
 Virus vstfikne do buriky RNA nebo DNA — prepis do mRNA — tvorba virovych proteint

 Virovy onkogen kdduje proteinkinazu — fosforylace a aktivace proteinu dulezitych pfi proliferaci
bunék

« Bunécéné (savcCi) homology v-onc jsou protoonkogeny (c-onc), pokud mutuje, tvorba nadoru



(Proto)onkogeny

« Poprvé pospany jako virové onkogeny (v-onc)
 Virus vstfikne do buriky RNA nebo DNA — prepis do mRNA — tvorba virovych proteint

 Virovy onkogen kdduje proteinkinazu — fosforylace a aktivace proteinu dulezitych pfi proliferaci
bunék

« Bunécéné (savcCi) homology v-onc jsou protoonkogeny (c-onc), pokud mutuje, tvorba nadoru

» Peyton Rous (1909) — pfenos viru z nemocné na zdravou slepici
* Rous sarcoma virus (RSV)

b L G o

\ G, &7 A
j&‘ remove sarcoma grind up
and break up sarcoma

into small with sand

chicken with collect filtrate injectfiltrate observe sarcoma

sarcoma in Aos o that has passed into young ininjected
breast muscle taidia through fine- chicken chicken
[N pore filter

Fipure 1.1 The Sisdogy of Cancer (O Gadnd Soence 2004}



Table 45.2. Each transforming retrovirus carries an oncogene derived from a cellular gene,.

Virus (name in parentheses) Species Tumor Oncogene
Rous sarcoma (RSV) chicken sarcoma sre¢
Harvey murine sarcoma (Ha-MuSV) rat sarcoma and erythroleukemia H-ras
Kirsten murine sarcoma (Ki-MuSV) rat sarcoma and erythroleukemia K-ras
Moloney murine sarcoma (Mo-MuSV) mouse sarcoma mos

FBJ murine osteosarcoma (FBJ-MuSV) mouse chondrosarcoma fos
Simian sarcoma (SSV) monkey sarcoma Sis

Feline sarcoma (Pl-FeSV) cat sarcoma e

Feline sarcoma (SM-FeSV) cat fibrosarcoma fms

Feline sarcoma (ST-FeSV) cat fibrosarcoma fes

Avian sarcoma (ASV-17) chicken fibrosarcoma Jun
Fujinami sarcoma (FuSV) chicken sarcoma Ips

Avian myelocytomatosis (MC29) chicken carcinoma, sarcoma, and myelocytoma myc
Abelson leukemia (MuLV) mouse B cell lymphoma abl
Reticuloendotheliosis (REV-T) turkey lymphatic leukemia rel

Avian erythroblastosis (AEV) chicken erythroleukemia and fibrosarcoma erbB (erbA?)

Avian myeloblastosis (AMV) chicken myeloblastic leukemia myb




Nadoroveé supresorové geny

« Koduji proteiny regulujici genovou expresi a bunecny cyklus
« Obé alely genu musi byt inaktivovany mutaci (Knudsonova hypotéza dvou zasahu)

first hit second hit ho Rinctional
normal chromosomes mutation in tumor loss of wild-type tumor suppressor
maternal, paternal suppressor gene chromosome left

chromosome
loss

\\ >
tumor 4 4
suppressor
gene :
mutation




Tumor

Hereditary Syndromes with a

Suppressor Gene Cellular Function Tumor Types Inactivated Mechanism of Inactivation Germline Inactivated Allele

p53 Cell cycle regulator Multiple tumor types Mutation Li-Fraumeni

Rb Cell cycle regulator Retinoblastoma, small-cell lung Deletion, mutation Familial retinoblastoma
cancer, sarcoma

APC Cell adhesion Colon cancer Deletion, mutation Familial adenomatous polyposis

PTEN Signal transduction, Glioblastomas, prostate cancer, Deletion, mutation Cowden

adhesion signaling breast cancer

hMSH2 DNA mismatch repair  Colon cancer, endometrial cancer, Mutation Hereditary nonpolyposis colon
melanoma cancer (Lynch syndrome)

hMLH1 DNA mismatch repair  Colon cancer, melanoma Mutation Hereditary nonpolyposis colon

cancer (Lynch syndrome)

BRCA1 DNA ds-break repair ~ Breast and ovarian cancers Mutation Familial breast/ovarian

BRCA2 DNA ds-break repair ~ Breast and ovarian cancers Mutation Familial breast/ovarian

WT1 Transcription factor Wilms tumor Deletion, mutation Childhood Wilms tumor

NF1 GTPase activator Sarcoma, glioma Deletion, mutation Neurofibromatosis

NF2 Cytoskeletal protein Schwannoma Mutation Neurofibromatosis

VHL Ubiquitin ligase Kidney cancer, multiple tumor types Mutation Von Hippel-Lindau disease

p16/CDKN2 Cell cycle regulator Melanoma, pancreatic and Mutation, deletion, methylation Familial melanoma

esophageal cancers




Epigenetické zmeéeny

« dédicné zmény ve strukture a funkci gent bez zmény v sekvenci DNA
« metylace DNA, acetylace histonu, pusobeni nekddujicich RNA

« epigenom embrya muze byt zménén vlivem environmentalnich
faktoru (dieta, alkohol,...) béhem téhotenstvi

« znameé pfipady - nedostatek kys. listové (vitamin B12) v dieté matky
vede k defektum neuralni trubice > @

 sklon k obezite u deti narozenych behem nebo tésne po hladomoru v N ( /
Nizozemsku behem 2. sv. valky ,, >

* projeveni obezity u jednoho ze dvou jednovajecnych dvojCat
(epigeneticka regulace nékolika genu proteinem Trim28)

r / w -
e 4




DNA metylace

; Cytosine 5-methylcytosine
SAN-CH; SAH CH,
N SN
L —p )
H” >N~ X0 DNMT H” SN X0
| |
Sugar Sugar

Metylovan je zejména cytosin (v
pozici C5) v dinukleotidu CpG
(CpG = Cytosin-fosfat-Guanin)
Nerovnomerna distribuce, vyssi
hustota v CpG ostrovech

Cca. 2-7% cytosinl v genomu je
metylovano

Metylace je obnovena v dcefinych
burfikach pomoci metyltransferaz



DNA metylace
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pozici C5) v dinukleotidu CpG
(CpG = Cytosin-fosfat-Guanin)

* Nerovnomeérna distribuce, vyssi
hustota v CpG ostrovech

« Cca. 2-7% cytosinu v genomu je
metylovano

* Metylace je obnovena v dcefinych
burfikach pomoci metyltransferaz

Funkce metylace - tlumeni exprese
genu tim, Ze brani vazbé TF



DNA metylace

; Cytosine 5-methylcytosine
H SAM-CH; SAH CH,
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Sugar Sugar
promoter
methylation
* Decreased tumor

Possible
Gene ‘ suppressor - ; :
- el carcinogenesis

 Metylovan je zejména cytosin (v
pozici C5) v dinukleotidu CpG
(CpG = Cytosin-fosfat-Guanin)

* Nerovnomeérna distribuce, vyssi
hustota v CpG ostrovech

« Cca. 2-7% cytosinu v genomu je
metylovano

* Metylace je obnovena v dcefinych
burfikach pomoci metyltransferaz

Funkce metylace - tlumeni exprese
genu tim, Ze brani vazbé TF

Hypermetylace promotord tumor supresorovych
genu muZze vést ke karcinogenezi




Nekodujici RNA

* RNA neprekladana béhem translace do proteinu (vSe kromé mRNA)
» Soudasti ,junk“ DNA (98,5% lidského genomu)

Housekeeping Regulatory
ncRNAs ncRNAs

* rRNA

* tRNA

* snRNA
* snoRNA

Short ncRNA
< 200 nt

* miRNA

* sSiRNA
* piRNA
* scaRNA

Long ncRNA
> 200 nt

* lincRNA
» circRNA
+ eRNA

* NAT

Type Length (nt) Function
MicroRNA (miRNA) 18-22 RNAI: Protein translation regulation
Small interfering RNA (SiRNA) 20-25 RNAI: Antiviral defense
Piwi RNA (piRNA) 26-31 Regulation of transposable elements

* nejpocetnéjSi skupinou je mikroRNA
(>38,000 sekveni v miRBase), jednofetézcové

* SIRNA je dvouretezcova a exogenni



mikroRNA

funkce

Y DNA |
miRNA-coding gene protein-coding gene

|

LLLLLLLLLL miRNA

pinds to mRNANL__ | | ™messenger RNA (mRg)
/ ribosome

protein assembly blocked



mikroRNA

role v karcinogenezi

I

tumor suppressor gene

MRNA

overexpression
of microRNA

tumor suppressor is
NOT synthesized

)

I
oncogene

MmRNA

underexpression
of microRNA +

sy

' oncoprotein is synthesized

possible carcinogenesis



mikroRNA

Table 1 Examples of tumor-suppressor miRNAs.

MicroRNA Cancer type® Function

miR-29b AML Represses Sp1 which resulted in c-KIT inhibition

miR-34b/c Lung cancer A positive feedback between p53 and miR-34
mediates tumor suppression in human lung cancer

miR-126 Breast, lung, and Plays a critical tumor-suppressor role in tumor

colon cancers initiation and metastasis

miR-150 AML A critical tumor-suppressor gatekeeper in AML by
targeting FLT3 and Myb

miR-155 Breast cancer Downregulates RAD51 and sensitizes cancer cells
to irradiation

miR-181a/b AML Their increased expression is associated with good
prognosis and hinders tumor cell growth

miR-375 Breast cancer Forced expression re-sensitizes cells to tamoxifen
treatment

miR -494 Lung cancer Regulated by ERK1/2 it modulates proliferation
and apoptosis response

miR-495 AML; gastric cancer Specifically down-regulated in MLL-rearranged
AML; Shown to block migration and invasion

miR-551a Gastric cancer Forced expression leads to a block in migration

and invasion

# AML, Acute Myeloid Leukemia.

Table 2 Examples of oncogenic miRNAs.

MicroRNA Cancer type® Function

miR-9 AML Specifically overexpressed in MLL-rearranged
AML and promotes leukemia progression

miR-17-92 AML Up-regulated in MLL-rearranged AML and
targets p21 and RASSF2

miR-21 Breast cancer Overexpression of miR-21 contributes to
proliferation and metastasis

miR-27a NSCLC Promotes proliferation in NSCLC cells

miR-30a/c RCC Downregulation leads to increased expression
of HIF2a

miR- 126 AML Up-regulated in core-binding factor (CBF)
leukemia

miR-181a/b Breast, liver and Promote tumorigenesis and tumor progression

colon cancers

miR-19%6a Gastric cancer Promoted EMT, migration and invasion

miR-196b AML Upregulated in MLL-rearranged AML and targets Fas

miR-421 Gastric cancer Marker of circulating tumor cells

® AML, Acute Myeloid Leukemia; MSCLC, Mon-Small Cell Lung Cancer; RCC, Renal Cell Carcinomas.



Zakladni znaky nadort

* 6 znakl nadorové bunky (hallmarks of cancer)
Hanahan a Weinberg (Cell 2000, 100, 57-70)

rzeni proliferacni
signalizace

Unik programované Unik riistovym
bunécné smrti supresorum

Vyvolani angiogeneze Invaze pomoci metastaz

Nekonelny replikacni
potencial

Zaklady klinické onkologie

Call, Vol. 100, 57-70, January 7, 2000, Copyright £2000 by Cell Press

The Hallmarks of Cancer

Douglas Hanahan® and Robert A. Welnberg?
*Department of Blochemistry and Blophysics and
HOMMONe Research Institute

University of Calfomia at San Francisco

San Francisco, Callfornla 94143

"Whitehead Institute for Blomedical Research and
Department of Blology

Massachusetts Institute of TECNNOKgy
Cambridge, Massachusetts 02142

Amler a quarter century of rapld advances, Cancer re-
sparch has generated a rich and complex body of Knowl-
edge, revealing cancer to be a disease Involving dy-
namic changes in the genome. The foundation has been
set In the discovery of mutations that produce onco-
genes with dominant gain of function and tumor sup-
pressor genes with recessie 10ss of function; both
classes of cancer genes have been ldentified through
their alteratlon In human and animal cancer cells and
by thelr elicitation of cancer phenaotypes In experimental
models (Bishop and Welnberg, 1996).

Some would argue that the search for the ongin and
treatment of this disease will continue ower the next
quarter century In much the same manner as It has in
the recent past, by adding further layers of complexity
to a sclentific terature that Is already complex aimost
Deyond measure. But we anticipate otherwise: those
researching the cancer probiem will be practicing a dra-
matically different type of sclence than we have experi-
enced over the past 25 years. Surely much of this change
will be apparent at the technical level. But ultimately,
the more fundamental change will be conceptual.

We foresee cancer research developing into a logical
sclence, where the complexities of the disease, de-
scribed In the laboratory and ciinkc, will become under-
standable In terms of a smiall number of undertying prin-
clples. Some of these princlples are even now In the
midst of baing codified. We diSCUSS one set of them iIn
the present essay: rules that govern the transformation
of normal human cells Into malignant cancers. We sug-
gest that researcn over the past decades has revealked
a small number of molecular, blochemical, and cellular
tralts—acquired capabliities—shared by most and per-
haps all types of iuman cancer. Our falth In such simpiin-
cation derives directly from the teachings of cell blology
that virtually all mammallan cells Carmy a similar molecu-
lar machinery regulating thelr proiiferation, differentia-
tlon, and death.

Several ines of evidence Indicate that tumorigenasis
In humans Is a multistep process and that these steps
reflect genetic alterations that drive the progressive
transformation of normal human cells INto mahly malkg-
nant derivatives. Many types of cancers are diagnosed
In the human population with an age-dependent Incl-
dence implicating four to seven rate-Imiting, stochastic
events (Renan, 1993). Pathological analyses of a number
of organ sites reveal lesions that appear to represent
the Intermediate steps In a process through which cells



Udrzeni proliferacni signalizace

* Proliferace — bunécné deleni pomoci mitozy

* Normalni bunky potrebuji externi mitogenni
rustové signaly (mitogeny)

 EGF (epidermal growth factor), vazba na EGFR nebo
HER2

 TGFa (transforming growth factor), vazba na EGFR
 PDGF (platelet-derived growth factor), vazba na PDGFR

» Podporuji prechod z G1 do S faze bunécného déleni

Zaklady klinické onkologie

Cell growth + survival
Angiogenesis
Migration/Invasion



Bunéecny cyklus

* GO - klidova faze
« G1 —faze "rustu bunky" (8-30 hodin)

Zvyseni transkripce proteinu, které reguluji
deleni

Vlyzaduje mitogenni ristové faktory; ztrata
téchto faktord zastavi déleni

« Restrik€ni bod — neni cesty zpét, déleni
probéhne, nyni nezavislé na rustovych faktorech

« S faze — faze syntézy DNA, duplikace
chromosomu

* G2 —druha mezifaze (3-5 hodin)
« M faze — mitoza

Faze G1
(interval 1)

Faze S
(syntéza DNA)
Duplikace
chromozomu

o (e

Bunka zacina rust, Bunka pokracuje v rustu
tvori proteiny a pfipravuje se na déleni

Déleni bunék

Faze M
(Mitéza)

Faze G2
(interval 2)

GO



A4 ! 4

Bunéecny cyklus

Regulace cyklu:

* cyklin-dependentni kinazy
(CDK) a cykliny

« CDK musi byt spojeny s
cyklinem, aby byly aktivovany

 fosforylace a inaktivace pRb —

pokraCovani v deleni za bod
restrikce

komplex podporujici anafazi degradovany

[x7§ mitoticky cyklin

aktivni mitoticky
komplex cyklin-CDK

e ~ s
prechod
metafaze-anafaze
|

prechod

restrikce

/
£ aktivni komplex
. J cyklin-CDK
,G1 faze

ﬂ (D degradovany
cyklin G1 faze
~&



Udrzeni proliferacni signalizace

« Nadoroveé bunky — nezavislost na mitogenech

 Alternativni drahy:

* Produkce vlastnich rustovych ligandu |

« ZvySena exprese receptoru (hypersenzitivita k Res
malému mnozstvi ligandu; HER2 overexprese u '
nadoru prsu, IéCba trastuzumabem) il

« Trvala aktivace proteinu signalni drahy za receptorem
(downstream), napf. mutace V600E trvale aktivuje l

onkoprotein BRAF (50% melanomu), prediktor [éCby

Cell growth + survival
Angiogenesis
Migration/Invasion
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Udrzeni proliferacni signalizace

* RAS proteiny — malé GTPazy, soucasti
bunécné signalizace, zapinaji bunecné deleni

» U lidi: HRAS, KRAS a NRAS

* Vazbou na GTP je aktivovan, hydrolyzou

GTP je deaktivovan

* V nadorech je mutovan a trvale aktivni
« KRAS: Mutace v kodonech 12 a 13

(Wt je GGTGGC)

« KRAS mutace je negativni prediktor

anti-EGFR terapie

Zaklady klinické onkologie

KRAS

Codon Mutation

12

13

GTP hydrolysis
and Ras P;
inactivation
induced by
GAP

blockage
caused by — \ .
oncogenic '

mutation

¢.35G> A (p.G12D)
¢35G>T (p.G12V)
¢34G>T (p.G12C)
¢.35G>C (p.G12A)
¢34G> A (p.G12S)
¢.34G>C (p.GI2R)
¢.38G> A (p.G13D)
¢39 C>T (p.G12G)
¢37G>T (p.G13C)
¢37G> A (p.G13S)
¢.38G>C (p.G13A)
¢.37G>C (p.GI3R)

upstream stimulatory
INACTIVE signal and Ras
activation triggered
Ras \ by GEF

‘ GIIEF’

GTP
Y “//
Ras (o
1T N
\
downstream

ACTIVE signaling



Unik rastovym supresortim

« Normalni bunky prijimaji antiproliferativni
(inhibicni) signaly - zastava bunécného
cyklu

* Retinoblastomovy protein (pRb) je tumor
supresor - zpracovava signaly a rozhoduje
o zastaveni déleni (gatekeeper)

Zaklady klinické onkologie



Unik rastovym supresortim

* Normalni bunky prijimaji antiproliferativni -

(inhibicni) signaly - zastava bunécného

cyklu

P P /

¢ RetinObIaStomovy prOteln (p Rb) Je tumOr cli Rb P cell cycle progression

supresor - zpracovava signaly a rozhoduje S

o zastaveni déleni (gatekeeper) @ I -
 pRb defosforylovan v G1 faze — vazba na D Rb (@ ¢

E2F transkripCni faktory — inhibice déleni

cell cycle arrest

nucleus

N
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Unik rastovym supresortim

* Normalni bunky prijimaji antiproliferativni -

(inhibicni) signaly - zastava bunécného

cyklu

P P : y

* Retinoblastomovy protein (pRDb) je tumor g RE@ <o cvcie progression

supresor - zpracovava signaly a rozhoduje \S/

o zastaveni déleni (gatekeeper) 93 -
 pRb defosforylovan v G1 faze — vazba na D Rb$ 2 &

E2F transkripCni faktory — inhibice déleni

cell cycle arrest

* Na konci G1 hyperfosforylace pomoci nucleus
CDK/cyklin — uvolnéni E2F — progrese do b
S faze a deleni

Zaklady klinické onkologie



Unik rastovym supresortim

Nefunkcéni pRb vede ke
karcinogenezi

* Inaktivacni mutace v obou
alelach (viz Knudsonovu
hypotézu) vede ke ztrate funkce
(loss of function)

Zaklady klinické onkologie

DAC
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p16™3 hypermethylation

Activation of cellular
proliferation genes

—

Tumor
progression



Unik rastovym supresortim

Nefunkcéni pRb vede ke
karcinogenezi

* Inaktivacni mutace v obou
alelach (viz Knudsonovu
hypotézu) vede ke ztrate funkce
(loss of function)

« Onkoviroveé proteiny se vazou
na pRDb a inaktivuji ho (E7
protein u HPV, nasledny vznik
cervikalniho karcinomu)

Zaklady klinické onkologie




Unik programované bunééné smrti

* Programovana bunécna smrt - apoptoza — presné
rizeny proces degradace bunky (z fect. ,opadat”)

« Klidny' proces, nevyvolava zanet, 30-120 min,
kaspazy, integrita membrany zachovana,
fagocytdza (24 hod)

Zaklady klinické onkologie



Unik programované bunééné smrti

* Programovana bunécna smrt - apoptoza — presné
rizeny proces degradace bunky (z rect. ,opadat”)

« Klidny' proces, nevyvolava zanet, 30-120 min,
kaspazy, integrita membrany zachovana,
fagocytdza (24 hod)

* Apoptoza je vyvolana napr.:
« Kdyz bunika pevné tkané ztrati kontakt se svym okolim
* V bunkach napadenych virem
* Po posSkozeni DNA
 P¥fi embryonalnim vyvoji organu
 Pfi absenci rustovych faktoru
« Kdyz bunka obdrzi signal ligandu Fas nebo TNF-a
 Pfi uvolnéni cytochromu C z mitochondrii

Zaklady klinické onkologie



Nekréza

- chapana prevainé jako
nefyziologicky proces zplsobeny
patologickymi vnéjsimi vlivy

- bobtndni buriky a nasledné
vyliti obsahu do okoli

- ztrata integrity membrany

- vede k zanétu, ktery poskozuje
okolni tkar

Autofagie (autofagocytéza)

- tasto v pfipadé nedostatku
energie nebo kysliku; také
recyklace starych organel

- fizeny proces - cilové organely
se uzaviraji do autofagozomd,
které nasledné flzuji s lyzozomy
- mazZe vést k bunééné smrti
nebo k preZiti, nevede k zanétu




Nekréza

- chapana prevainé jako

nefyziologicky proces zplsobeny
patologickymi vnéjsimi vlivy

- bobtndni buriky a nasledné
vyliti obsahu do okoli

- ztrata integrity membrany

- vede k zanétu, ktery poskozuje
okolni tkar

Autofagie (autofagocytéza)

- tasto v pfipadé nedostatku
energie nebo kysliku; také
recyklace starych organel

- fizeny proces - cilové organely
se uzaviraji do autofagozomd,
které nasledné flzuji s lyzozomy
- mlZe vést k bunécné smrti
nebo k pfeiiti, nevede k zanétu

AUTOFAGIE
ZAZRACNY PROCES SEBEOBNOVY?

kurkumin

fyzicka
aktivita

kaloricka
restrikce

@

www.institutmodernivyzivy.cz




Unik programované bunééné smrti

« Rakovinné bunky deaktivuji apoptotickou masinerii

« Ztrata funkce proteinu p53

« ZvySena exprese antiapoptotickych faktoru (Bcl-2)

« Snizena exprese proapoptotickych faktoru (Bax, Bak, Puma)

Zaklady klinické onkologie



Unik programované bunééné smrti

e p53 protein — ,Guardian of the genome”
* Mutace v p53 az u 50% nadoru

poskozeni DNA
l zastava
p53 > b“"éi'l'éh" —> oprava DNA
hromadéni p53 S
selhani apootéaa
oprawyDNA — > 2POP

A

Zaklady klinické onkologie



Unik programované bunééné smrti

Hotspot mutace v p53 (obvykle missense)

R175H
9- s
] R282W
7]
S G245
(3]
E v220c ' R273C
8 ) ]
o
-
0
5, =
0 100 200 300 393aa
Transactivation DNA-binding Tetramerization
domain domain domain
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Nekonecny replikacni potencial

« Normalni bunky se déli 60-70x (Hayflicktv limit)

« Pak nastava senescence (zastaveni deleni,
bunka muze dal zit)
* Na koncich DNA jsou telomery —repetitivni

sekvence které se pri kazdém déleni zkracuji
(u lidi TTAGGG, 500-3000 repetici)

e 3 funkce

« Brani degradaci DNA koncu DNazami
« Zabranuji fuzi chromosomovych koncu
« Usnadnuji replikaci DNA

Zaklady klinické onkologie
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Nekonecny replikacni potencial

Telomerase

« Normalni bunky se déli 60-70x (Hayflickuv limit) L
« Pak nastava senescence (zastaveni déleni, ' i
burika maze dal it) L
DNA T 5 e 0\
* Na koncich DNA jsou telomery —repetitivni = \@\ b
Nl

sekvence které se pri kazdém déleni zkracuji
(u lidi TTAGGG, 500-3000 repetici)

e 3 funkce

« Brani degradaci DNA koncu DNazami
« Zabranuji fuzi chromosomovych koncu
« Usnadnuji replikaci DNA

Nucleotide

Nadorové bunky doplnuji telomery
pomoci enzymu hTERT (telomeraza)
— pfidava hexanukleotidy na konec
DNA — imortalizované bunky
(,nesmrtelne®)

Zaklady klinické onkologie



Vyvolani angiogeneze

Angiogeneze — tvorba novych kapilar
« Aktivni béhem embryogeneze
« Vyrazné omezena v pozdeéjSich fazich
zivota
« Aktivator angiogeneze — VEGF

(vascular endothelial growth factor) a
FGF (fibroblast growth factor)

« Endogenni inhibitory: angiostatin a ersn cts
endostatin

* V normalni tkani jsou v rovnovaze, v
nadorech je rovnovaha vychylena k
aktivatorim

Zaklady klinické onkologie



Invaze pomoci metastaz

« Metastazy — druhotné nadorove loziska — priCina az 90% umrti na rakovinu

Metastaza

Primarni
tumor

A ' / Mikrometastaza /
@ Kolonizace
/ Proliferace
@ Intravazace\ Extravazace Angiogeneze
m Sekundarni
Migrace/Transport tumor

Zaklady klinické onkologie



Invaze pomoci metastaz

Metastazy — druhotné nadoroveé loziska — priCina az 90% umrti na rakovinu

Sifeni metastaz pfes krevni fecisté nebo lymfaticky systém

NejCastéjSi mista metastatickych nadoru: plice, jatra, mozek a kosti

Hypotéza: epitelialne-mesenchymalni tranzice (EMT) + opacny proces MET

Zaklady klinické onkologie



Invaze pomoci metastaz

a M }
« Hlavni krok u EMT — ztrata Lo
exprese E-cadherinu (drzi buriky J U J U
pohromadé), narust N-cadherinu |
a vimentinu O PG ? \
120D @
@ ®er20) :
* TranskripCni represory inhibujici i (120® @

tvorbu E-cadherinu a podporujici
EMT: Snail, Slug, Twist, ZEB aj.

Zaklady klinické onkologie



[ Epithelial Mesenchymal

g Tight junction

‘ +EMT-TFs (e.g. Snail, Twist, ZEB)
%: Adherens Junction

with E-Cadherin _____ Basement membrane

essss—= N-Cadherin
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Deregulace metabolismu

glukoza glukoza
normoxie l Ao l }_ —
pyruvat pyruvat

co,

Oxidativni fosforylace

Anaerobniglykolyza

Zaklady klinické onkologie

* Glykolyza — preména glukozy
na pyruvat

« V aerobnich podminkach pak
nastava oxidativni fosforylace
v mitochondriich

« ~ 18x efektivngjSi nez
anaerobni glykolyza pri
nedostatku kysliku (svalova
horecCka)



Deregulace metabolismu

Zdrava tkan

glukoza glukoza
normoxie l AT anoxiel hypoxie @
pyruvat pyruvat

Oxidativni fosforylace Anaerobniglykolyza

Zaklady klinické onkologie

7

1925 — Otto Warburg

Nadorové bunky i v aerobnich
podminkach metabolizuji glukézu
glykolyticky

Vyrazne rychlejsi nez v mitochondriich
Jev pojmenoval aerobni glykolyza
Nobelova cena 1931



Deregulace metabolismu

Zdrava tkan

glukoza

normoxie l AT

pyruvat

Oxidativni fosforylace
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glukoza

anoxiel hypoxie @

pyruvat

\-} laktat
) )

Anaerobniglykolyza

Tumor/proliferujici tkan

glukoza

@lo

pyruvat

Aerobni glykolyza (Warburgtav
efekt)



Deregulace metabolismu

Tumor/proliferujici tkan

* ProcC jsou nadorove bunky tak neefektivni? < 1()
* Rychla potreba ATP, Casta hypoxie —
» Obrovska spotieba glukdzy b/ 5,
« Nadmérna exprese glukézovych pyruvat

transportéru GLUT1 — zvySeny import
glukézy do bunek

laktat

co,

Aerobni glykolyza (Warburgtv
efekt)

Zaklady klinické onkologie



Deregulace metabolismu

PET scan

A 511 KeV

2-fluoro-
2-deoxy-D-glucose

Cancer Cell

Glucose Hexokmase
18 —> 18 =6-
Transporter f DG < P;DG 56 P
vy vy
Phosphatase

18FDG molecule
(sugar analogue)

Polocas rozpadu ~ 110 min

Kidney

Bladder
'8F-EDG PET




Unik imunitni odpovédi

 Imunitni systém hraje dulezitou roli pfi kontrole rakovinnych bunek
(imunodeficientni jedinci maji vysSi vyskyt nadoru nez imunokompetentni)

* Imunoeditace nadoru — teorie popisujici vztah mezi imunitnimi a
nadorovymi bunkami

« Zahrnuje 3 faze — eliminace, rovnovaha, unik

Zaklady klinické onkologie



Imunitni dohled

Tumor cell

Vrozeny a adaptivni IS vyhledava a eliminuje

o
°?"
-

\

°

). @@ nadorové burky (zpUsobujici zanét)
[ IS . . .
"> " @ « Nachazi pouze vysoce imunogenni bunky
- . @ '® : ) v . . v e
[T « Slabé imunogenni preziji
Anti-tumor‘ / \
cytokine Dying tumor cells CD8* T cell
Eliminace
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CD4* T cell Heterogeneous
tumor cell subclone

Tumor cell

Anti-tumor
cytokine Dying tumor cells CD8* T cell

Eliminace Rovnovaha

Zaklady klinické onkologie

Rust nadoru pozastaven

Malo imunogenni klony
prezivaji ve stavu dormance

Muaze trvat roky



CD4"T cell Heterogeneous Pro-tumor Treg cell
tumor cell subclone cytokine

NK cell

MDSC

Tumor cell

Anti-tumor
cytokine Dying tumor cells CD8* T cell

Eliminace Rovnovaha Unik

Prezivajici nadorové bunky dal mutuji

Ziskaji schopnost skryt se imunitnimu systému
« Ztrata exprese MCH I. tfidy (inhibice prezentace antigenu)
» Exprese molekul vypinajici T bunky
* Vytvoreni nadorového mikroprostredi

Nador roste

Zaklady klinické onkologie



Nadoroveé mikroprostredi

« Bunky, molekuly a krevni cevy, ktere obklopuji a vyzivuji nadorovou bunku, tvori
mikroprostredi nadoru

» Parenchym: nadorové bunky, nadorové kmenové bunky
« Stroma: fibroblasty, imunitni burniky, endotelialni cévni bunky, ECM, MMP...

« Funkce stromy: pfenos signal. molekul, cytokinl; angiogeneze, metastazovani (role MMP,

degradace ECM) Cancer Stem Cell (CSC)

Cancer-Associated Fibroblast
(CAF)

Endothelial Cell (EC)

Immune
Inflammatory Cells

Pericyte (PC) (C9)
S

Local & Bone marrow- R
derived Stromal Stem
& Progenitor Cells '

0000

nvasive Cancer Cell

Zaklady klinické onkologie



Nadoroveé mikroprostredi

« Bunky, molekuly a krevni cevy, ktere obklopuji a vyzivuji nadorovou bunku, tvori
mikroprostredi nadoru

» Parenchym: nadorové bunky, nadorové kmenové bunky
« Stroma: fibroblasty, imunitni burniky, endotelialni cévni bunky, ECM, MMP...

« Funkce stromy: pfenos signal. molekul, cytokinl; angiogeneze, metastazovani (role MMP,

degradace ECM) Cancer Stem Cell (CSC)

Nadorové kmenové bunky Cancer-Associated Fibroblast
(CAF)—7 ¥

(cancer stem cells) Cancer Cell (CC)

o Malé % nédOFOV)'/Ch bunék Endothelial Cell (EC)
« Zodpovédné za chemorezistenci
* Overexprese ABC transportért (MDR) Pericyte (PC)

» Teorie: vznik z normalnich kmenovych
Local & Bone marrow- .
derived Stromal Stem
& Progenitor Cells '

Immune
Inflammatory Cells
(ICs)

bunék mutacemi

000 ol

nvasive Cancer Cell
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