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Rak

* nekontrolirana delitev celic, ki je
posledica ireverzibilne poskodbe.

* sposobnost teh celic, da vdirajo med
druge celice z neposrednim vrascanjem
v lokalna tkiva (invazija) ali z migracijo
celic na bolj oddaljena mesta
(zasevanje)



Breme raka v Sloveniji — 2004, 2006

Tabela A. Breme raka - Slovenija 2004

Table A. Cancer burden - Slovenia 2004

Incidenca
Incldence

Umirljivost
Maortality

Prevalenca
Pevalence

Tabela A. Breme raka - Slovenija 2006

Table A. Cancer burden

Incidenca

Incidence

Umiljivost
Mortality

Prevalenca

Pravalence

Slovenia 2006

Skupaj
Total

10625
5075

60323

Skupaj

Total
11043

5284

67713

Moski

Males

5472

2822

23938

Moéki

Males

5799

273594

Zenske

Females
5153
2253

36385

Zenske

Females

5244

2346

40319



Slika 1. Najpogosiejse lokacije raka po spolu in pri obeh spolih skupaj - Slovenija 2006
Flgure 1. The leading cancer sifes by sex and for both sexes together - Slovenla 2006
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Incidenca, moski, 2007

Incidenca
wei raki (CO0-CH96)
moski

2007, Slovenija
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Prevalenca, moski, 2007

Delna in celotna prevalenca

wsi raki (CO0-C96)
celotna prevalenca, moiki
2007, Slovenija
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Umrljivost, moski, 2007

Umrljivost
wsi raki (CO0-C97)
moéki

2007, Slovenija
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Incidenca, zenske, 2007

Incidenca

wsi raki (CO0-C96)

Fenske, vsi stadiji, 0 - 80 let
2007, Slovenija

clojla (C50)

druge maligne neoplaz...
debelo frevo (C18)

sapnica in pljuca (C34)
maternicno telo (C54)
maligni melanom koZe {(C43)
reltum (C20)

Zelodec (C1E)

jajcnik (C5&)

maternicni wrat (C53)
trebugna slinavikea (C25)
Sfitnica (C73)

lechvica razen meha (Cod)
sedéni mehur (CE7)

difuzni ne-Hodakinow limf. ..
rektosiomoicna zveza (C19)
metastaze dihal in prebav. ..
mozgani (C71)

druge in neopredelje. .
cdrugi in neopredeljeni de. ..
Zensko zunanje spolovi. ..
difuzni plazmaocitom ...
jetra in intrahepaticni vo. ..
Zolénik (C23)

limfaticna leskernija, dru...
maligna neoplazma br...
falikularni ne-Hodalkin. ..
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peritone] in retroperiton. ..
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hodglkinowva bolezen (CE1)
noznica (C52)




Prevalenca, zenske, 2007

Delna in celotna prevalenca

wsi raki (CO0-C96)
celotna prevalenca, Zenske
2007, Slovenija

cojlea (C50)

druge maligne neoplaz. ..
maternicno telo (C54)
maternicni wrat (C53)
debelo frevo (C18)

maligni melanom koZe (C43)
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folilularni ne-Haodglkin. ..
druge in neopredeljens ws. .
mozgani (C71)

difuzni plazmacitom ...
limfaticna levicermnija, akut...
trebusna slinavia (C25)
mieloicna levdcemija (C92)
oko in ofesni adneksi (CE9)
grio (C22)

Lstnica (o)

maternica, neopredelje. ..




Umrljivost, zenske, 2007

Urmrljivost
wsi raki (CO0-C97)
Zenske, 0 - B0
2007, Slovenija

cojla (C50)

sapnica in pljuca (C34)
debelo frevo (C18)

Zelodec (C16)

trebusna slinavia (C25)
jajtnik (C5&)

reltum (C20)

jetra in intrahepaticni vo...
raZgani (C7 1)

leclvica razen meha (C&4)
Zolénik (C23)

difuzni plazmaocitom ...
materniéno telo (C54)
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mezoteliom (C45)

difuzni ne-Hodalkinoy limf...




Annual incidence per 10* males
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Normalne celice In tkiva
® ——

Multipotential hematopoietic

stem cell
(Hemocytoblast)

v v

Common myeloid progenitor Common lymphoid progenitor

|
I } M 1
~ : ol < @ O

Erythrocyte ~ Mastcell Natural killer cell small lymphocyte
Myeloblast (Large granular lymphocyte)

l l l T lymphocyte B lymphocyte

-]

Megakaryocyte O ‘} @ @
e Neutrophil Eosinophi Monocyte Q
‘:" : l Plasma cell
Thrombocytes

O  Kontrolirana proliferacija in yacopnage  diferenciacija
« Ravnotezje med stimulacijo in inhibicijo celicne proliferacije.



Signalizacija v normalni celici

STIMULACA wrony INHIBICIJA
PATHWAYS Nommal cell PATHWAYS

- - — —

Growth factor
(“go" signal)

Inhibitor
(“stop” signal)

No growth
factor attaches

clock decides
whether cell
should _ 5
proliferate o : sgsii¥

EXAMPLE OF EXAMPLE OF
STIMULATORY INHIBITORY
ABNORMALITY

DIMITRY SCHIDLOVSKY

O ABNORMALITY
|




Rak kot genetska bolezen

« Model transformacije celice
— Potrebno je veC mutacij
— Razli¢ni faktorji povzroCajo mutacije
— Celice niso sposobne vecC odgovarjati na intra
In ekstra celularne signale, ki kontrolirajo:
» CeliCno delitev

» Celi¢no diferenciacijo
» CeliCno smrt



Znacilnosti malignih celic

e Spremeni se odzivnost na
Intracelularne in ekstracelularne
signale, ki kontrolirajo:

— delitev celic
— diferenciacijo celic
— celicno smrt
« Bioloske znacilnosti maligno
transformiranih celic:
— stalna proliferacija

— Invazivnost in sposobnost
metastaziranja

O



Spremembe v delovanju celic so posledica:

* DNK mutaci
— Tockaste mutacije l\t ™
[ (O ST ]

— Kromosomske mutacije '

o
. . ﬁ‘? \ ) \, A 2 p
* Epigenetskih sprememb iR — .,...1.?,1<

-

&

Delet

Mormal Retinoblastoma




Spontane mutacije

* Nastanejo zaradi nepopravljenih napak pri
replikaciji ali pa zaradi nakljucnih molekularnih
dogodkov

— hidroliza glikozidne vezi (10%/dan/101°baz)

— deaminacija - C v U izguba baze

— hidroliza P- diesterske vezi - lom DNK verige
— alkilacija P - diestra

— alkilacija na N -7 ali O -6 polozaju purina (G)



Inducirane (povzrocene) mutacije-
povzrocitelji:

Sevanje:
UV-sevanje-toCkovne mutacije; lonizirajoCe sevanje — prelomi DNK, ki vodijo v
translokacije, inverzije in druge poskodbe kromosomov.

Kemicni mutageni:
vezava na DNK —vpliv na replikacijo in transkripcijo; benzoapiren, alfatoksin.

Kroni€na vnetja:
celice imunskega sistema producirajo mutagene kemikalije.

Kisikovi radikali:
nastanejo v mitohondrijih pri tvorbi energije, med obsevanjem.

Virusi
Aberantna celicnha delitev

O



Epigenetske spremembe —podedovane in pridobljene
spremembe v genomu, ki ne spreminjajo nukleotidnega

zaporednja na DNA

« Metilacija nukleotidov
vodi v inaktivacijo
tistega dela DNK.

 Acetilacija histonskih
proteinov vodi v
povecano ekspresijo
tistega dela DNK.

DNA
methylation

Histone
acetylation

Methylated DNA

H2  DNa methyl-
):[] transferases J\)jf \) jjw
& Methylation
_CPG 3 Unmethylated e i
3-GpC-5' J \‘// \//
C transcnpuon
B 0 OB ,‘,, 99? 9 Q 999 ‘Normal' DNA
VO 2O ‘/ WOGA
I'm‘-
D” ,’ , ’,, ’ Methylated CpG site
LTI w M
'\, '\/ ’-/ ‘J/ / \/ . Cancer DNA
==

Tumor cells are characterised by hypermethylation of
CpG islands and general DNA hypomethylation.



Fadation

Karcinogeneza

Bacdy J
surface |
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Multistep Carcinogenesis

= Detacts in terminal differentiation
+ Defects in growih control
+ Resistance to cytotoxicity
= Defects in programmed cell death
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Karcinogeni (kancerogeni) dejavniki

Kemicni in fizikalni

Dejavnik Mesto delovanja Mehanizem delovanja
— UV svetloba koza mutagen

— X-ZarKki kostni mozeg mutagen

— Aflatoxin jetra mutagen

— Estrogen endometrij/dojka spodbujanje rasti
— Tobacni dim pljuCa/poziralnik mutagen/oksidant
— Azbest pljuCa citotoksicnost

— Alkohol jetra/poziralnik/usta citotoksicnost




Karcinogeni — kemicni dejavniki
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Kemicni
karcinogeni

« Aminoazo barve

* Protitumorska zdravila
« Aromatski amini/amidi

« Aromatski ogljikovodiki
« Kovine

« Naravni karcinogeni

* N-nitroso spojine

e Olefini

« Parafini/etri

Table 1 | Selected human chemical carcinogens

Compounds*
Aminoazo dyes
o-Aminoazololuene
NN-dmeliwl-4
aminoazobenzere
Anticancer drugs
Ialphalan

Thiotepa

Aromatic amines/amides

2-Naphthylamine
4-Aminotiphenyl

2-Acetylamincfiucrens

Aromatic hydrocarbons

Benzofalpyrene

23,7 8-Tetrachkrodibenzo

p-dioxdn
Potychloninatad biphattyls

Metals (and compounds)

Arsenic

Cadmium

Nicke!

Natural carcinogens
Aflatoxin B.

Asbeaates (fiorous slicates)

N-nitroso compounds
MN-Nitresodimethylamine

4-Methylritrosaming)-1-
(3-pyricyl)-1-outancne

Olefines

Ethykene oxide
Vinyl chioride VG
Inchloroethyiana
Paraffines/ethers
1.2-Dichicroethana

Bisichiorometnyliether

Mustard gas (suphur mustard)

Nitregen mustard

Main sources/uses

Pigments; colouring olls; immurosuppressant

Colour polishes; waxas (no longer in use)

Chemotherspy
Chamotherapy (no longer n use)

Oyes; antioxidant (no longer in use)

Dyes; anlioxidant (no longer in use);
research 1o

Mode! compound; tested as a pesticide

Coal tar; oofing; cigarette smoke
No commercial uss; tested as a pasticide

Flame retardants; hydrauic fluids

Natural cras; aloys; phameceutical agent
Natural cras; pigments; batteries; ceramics
Natural cres; aloys; electrodes; catalysts

A mycotoxdn (feund in contaminated food)
Thamal nsulation; gaskats (decining usage)

Polymers; battenes: nermatocide (no lorgar
nusal

Fesearch tool; cigarette smoka

Glyeo! and polyester preduction; sterifzaton
Flastics (PVC), co-polymers

Degreasing operations, adhesives: lubricants

VC production; solvent; degreaser (na longer
nuse)

Techrical applications (rarely used)
Chemicd warfara 1 First Ward Wer; resaarch

imited application as anlimeopastic agent

Affected organs/cancer type

Liver, lung, bladder
Lung, Iher

Leukaamig*
Leukaemia*

Bladder?
Bladder=

Liver, bladder

Skin, g, stomach
Lung?, lymphomat, fvar

Liver, skin*$

Skind, lung?, lvar?
Lung’, prostate!, kdney'
Lung*, nasal cavity'

| jveart

Lung!, mesothalioma’

Liver, lung, kdney

Lung, Iver

Letkaemias, lymphomeat
Liver (angicsarcoma) !
Livert, kidnay*#

Liver, lung, breast
Lung?

Lung®
Lung, skin, mphoma

“According 1o the National Toxicology Program 107 Bepert on Carcinogers, the compeunds Isted are known 1o be human caraneogers
or reasonably anticipatad 1o be human carcinogens™  This aasesament is based on suficant evidence of carcinogericty in bumana
{(«nown’) or animal modsls (antiopated’). *Tumour sires obsarved in humans. *Linited evidencs inhumans, PVG, poly VO



Virusi

« DNA virusi (Papiloma, hepatitis B, Epstein-Barr virus)
 RNA virusi (levkemije)

* Na celicho obnasanje vplivajo na naslednje nacine:
— Integracija virusnega genoma povzrocCi mutacije.
— Virusni geni, ki vplivajo na regulacijo celice.
— Spremenjeni geni, ki so jih virusi dobili pri prejSnjem gostitelju
lako povzrocijo deregulacijo celice.



Kancerogeni dejavniki

Virusi

Dejavnik

Mesto delovanja

— Papiloma virusi

— Hepatitis B and C virusi

— Epstein — Barr virus

— Human T celiCcha levkemija

— HIV-1

maternicni vrat
jetra

kostni mozeg
vranica

Kaposijev sarkom




Karcinogeneza

Vec stopenjski proces.

Iniciacija (zaCetek)-hiter in ireverzibilen, direktno
ucinkuje na DNA.

Promocija — ni nujno, da vpliva direktno na DNA npr.
TPA (tissue plasminogen activator).

Napredovanje



Potek karcinogeneze

Kemikalije,
Sevanije, virusi

Dednost

Nepravilno izrazanje
proto-onkogenov

Pridobitev dodatnih
mutacij

O

Ny
-

Normalna celica

|

Po§kodlba DNA

Mutacija v somatski celici

|

Spremembe v genih, ki
kontrolirajo pom. procese

l

Inicirana celica

|

Klonalna ekspanzija

|

Tumor

Mutacije v DNA
popravljalnih genih

N

Inaktivacija tumorskih
supresorskih genov

Virusi: HBYV,
HTLV-1, HIV

)

_/
\

~

Iniciacija

N

Promocija
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Onkogeni in tumorski supresorski geni

* Proto-onkogeni: Proteini, ki jih kodirajo onkogeni
spodbudijo ali povecajo delitev ali viabilnost celic oz.

preprecujejo celiéno smrt (en mutiran alel je dovolj, da povzroci
celicno delitev).

* Tumorski supresorski geni: Proteinski produkti teh
genov lahko direktno ali posredno preprecijo delitev celice ali
povzrocijo smrt celice (en mutiran alel Se ne pomeni popolne
izgube funkcije —ko sta mutirana oba alela celica zgubi
sposobnost, da prepreci delitev).



Rak lahko nastane zaradi
mutiranih oblik naslednjih
proteinov:

. rastni faktorji
1. receptorji za rastne faktorj
Ill.  proteini signalnih poti

V.  transkripcijski faktori

V. pro in anti apopototicni
proteini

VI.  proteini, ki kontrolirajo
celicni ciklus

VIl.  DNA popravljalni mehaniz

I-IV = vecinoma onkogeni protg{h

Virus-encoded
activators of
growth-factor
recaptors (la)

e Growth factar (1}
/ Growth factor receptor {11)

000l —
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g5 qunit=d

>y Intracellular
effector

ragian
{often a
protein-
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tyrosine
Kinasay
Intracellular
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Second messengers
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DNA 2000000 J00s
: lTra nscription Cell-cycle control
mi proteins (V1)
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"“-—b- Proteins
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VI X vecinoma tumorski supresorski proteini;
VIl — mutacije teh protienov poveéajo moznost za nastanek mutacij v skupinah 1-VI
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Anti-apoptosis |
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Onkogeni in tumorski supresorski geni

Proto-onkogen —
potrebna je ena
mutacija, da nastane
onkogen; pridobitev
funkcije —dominaten
nacin

Tumorski supresorski
gen — potrebni sta
mutaciji na obeh alelih,
da pride do izgube
funkcije — recesiven
nacin
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Mehanizmi aktivacije onkogenov

—
Coding sequence
- |
dpf’i{.'t "}.'“'tatir‘t’."f Gene Chromosome
_deletion/insertion amplification rearrangement
in coding sequence
or

DNA F N wlb\ NS

RNA m i SR =
l !

Promoter fusion or
Gene fusion:
Abnormal production of
normal protein
or novel protein

Hyper-active
protein:

Normal protein:

normal amounts greatly over-produced




Onkogenl

* Receptorji za rastne faktorje, rastni
faktorji: HER-2/neu

(erbB-2), PDGF.

« Signalne molekule: ras, src
(tirozinska kinaza).

» Transkripcijski faktorji: myc, fos, jun.

» Ostali: bcl-2 (membranski protein, Ki
Inhibira apoptozo), mdm-2.

O



umorski supresorski geni

Transkripcijski faktor: p53
Rb vpliva na aktivnost transkripcijskih faktorjev

APC kontrolirajo dostopnost transkripcijskih faktorjev (APC
protein se veze na beta-katenin in sprozi njegovo
degradacijo)

BRCA je vpleten v popravilo DNK
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RNA interferenca (RNAI)

imperfect complimentarity = translational repression:
o{ ORF "= — AAAAAA

i
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MIRNA

a Normal tissues

I"Lrg

Nucleus l

b MicroRNA functioning as a
tumour suppressor

C MicroRNA functioning as an oncogene

?

Nucleus

Cytoplasm Cytoplasm

Mature

mRNA / /
target Oncogene ?

Tumour-

SR suppressor
R w ™ ™ e or 7

ORF
MGpppG —‘ % '— AAAAA
mREA ORF
Blocks translation mRNA u

mRNA Rib
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gy
R ™
i
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Result
Normal rate of growth, proliferation,
differentiation and cell death

Translatlon

Oncoprotem

Result Result

Tumour formation Tumour formation
T Proliferation T Proliferation

T Invasion T Invasion

TAngiogenesis TAngiogenesis

| Cell death | Celldeath



Dedne mutacije doloCajo nagnjenje za
nastanek raka

« Rak dojke: mutirana gena BRCA1 in BRCA 2 sta faktorja
tveganja.

« Rak debelega Crevesa: mutiran APC (adenomatous polyposis
coli) povzroCa nagnenje k nastanku raka.

* Retinoblastom: Rb tumor supresor gen odgovoren za nastanek
raka oCesa in drugih
vrst raka.

Fommal chromosome 13 Chromosoms 1.3 with BB locus
deleted

Homal retinal Retinal cell at Retinoblastoma
cell risk cell



Poti

karcinogeneze  »

A
Component  Acquired Capability Example of Mechanism

n Sell-sufficency in growth signals Activate H-Ras oncogene

Inseraiivty to anti-growth signals  Lose retinoblasloma suppressor

“ Evading apoptosis Produce IGF survwal tactors
m Limiless replicative polentia Turn an tdomerase

m Suslained angiogeness Producs VEGF inducar
u Tissue invasion & melastasis Inactnate E-cadhenn
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Molekularne spremembe pri
nastanku raka debelega
crevesa

Loss of APC
tumar-supprassar
gene {chromosome B}

p|
"r‘ Mormal colon cells
4
y
6 &
A polyp ismall ———
growth} forms on
the colon wall

A benign,
pre(:a ncerous
TUMor grows

A class Il adenoma
(benign} grows

A class Il adenoma
{benign} grows

normal
epithelium

> hyperproliferative

epithelium

garly

adenoma

'.Ep
activation

K-ras

: intermed:ate
adenoma

18q

e
—

late
adenoma

17p

ph3

other
alterations

e

—— CAICIN0Ma = Mmetastasis

A carcinoma {malignant
tumor} develops

Activation of K-ras
oncogene
{chromaosome 12}

ﬂ

Loss of DCC tumor-
sSuppressor gens
{chromosome 18}

v
Loss of p&3
tumor-suppressor

gene {chromosome 17}

W

The cancer
metastasizes
(spreads to other

Other changes

tissues)

<7

MNormal colon
apithelial cells

Basal lamina

Lumen
of colon Invasive
tumor cells
=
Wall
of colon

Tumor cells invade
blood vessels, allowing —
metastasis to ooour

Blood

vessel




Zakljucki

* Pri transformaciji normalne celice v maligno se
spremenijo odzivnost na intracelularne in
ekstracelularne signale, ki kontrolirajo delitev
celic, diferenciacijo celic in celicho smrt.

» Bioloske znacilnosti maligno transformiranih celic
so stalna proliferacija in invazivnost ter
sposobnost tvorjenja zasevkov




Zakljucki

* Onkogeni: Proteini, ki jih kodirajo onkogeni
spodbudijo ali povecajo delitev ali viabilnost celic
0z. preprecujejo celicno smrt

» Tumorski supresorski geni: Proteinski produkti teh
genov lahko direktno ali posredno preprecijo
delitev celice ali povzrocijo smrt celice

 NcRNA miRNA so vpletene v karcinogenezo in
delujejo kot tumorski supresorji ali kot onkogeni

O



Znacilnosti malignih celic

e Spremeni se odzivnost na
Intracelularne in
ekstracelularne signale, ki
ko ntro I i raj O : Suslainsi.rglg:l(‘glerame

— delitev celic
— diferenciacijo celic
— celicno smrt

« Bioloske znacilnosti maligno
transformiranih celic:
— stalna proliferacija

— Invazivnost in sposobnost Enabling replicative
metastaziranja

O

Izogibanje
imunskemu sistemu

Evading qrowth
SUppressors

cell geath

Activating invasion
and metastasis

nducing
angioganes|s

immartakty



Celice v tumorskem mikrookolju —
cancer Is disease of tissue

Canger Stem Cell (CSC)

Cancer-Associated Fibroblast -
(CAF) —7 y S als— Cancer Cell (CC)

Q:?;o Immune

Endothelial Cell (EC)

Pericyte (PC) ™ Wt < A it
- e s
* | Local & Bone marrow- >
g dernved Stromal Stem
& Progenitor Cels
© - Invasive Cancer Cell

Metastabc Tumor
microenvirenment

Invaswe Tumor
micrognvirenment

Core of Primary Tumor
microenvironment

Figure 4. The Cells of the Tumor Microenmon-
it
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Tumorsko mikrookolje

cel

Endothelial g Nazemal epithelial
cell

Pericyte kvasive

tumour cell
Blood mphatic
veszel - le-)r'ldotheliul cell

Figure 1| The primary tumour microenvironment. a | Cancer cells in primary tumours are surrounded by & complex
microenvironment comprizing numerous cells including endothelial cells of the blood and lymphatic circulation, stromal
fibroblasts and a variety of bone marrow-derived cells (BMDC:) including macrophages, myeloid-derived suppressor cellz
(MDSCs), TIE2-expressing monocytes (TEM:) and mezenchymal stem cells (MSCz). b | Invasive human breast cancer
stained with haematoxylin and eosin, in which a prominent infiltration of leukooytes (indicated by white arrows) iz evident
st the invasive margin. c | Macropheages at the invasive edge of pancreatic islet cancers express cathepsin B (green), which
iz associeted with lozs of epithelial cadherin (red) on the neighbouring cencer cells. Cell nuclei are vizualized by DAPI
{blue). Part ¢ reproduced, with permizsion, from REF. 151 @ (2006) Cold Spring Harbor Laboratory Preza.




Tumorska angiogeneza -stopnje

A-Tvorba in sproscanje P
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Razvoj vaskularizacije tumorja

4\

Avaskularna faza (leta)

In Situ

Carcinoma

e

¢ Angiogeneza

Angiogenesis Factors
(FGFs, VEGF)




Metastaziranje

cells grow as a banign Tumor
in epithelium

conmective
tissue

. -::_:.--"'J travvel through bloodstream
=" [l@ss tham 1 in 1000 cells will survive
to form metastases)

adhers to blood vessel escape from blood vesse profiferate to form
weall im liver {extravasation) metastasis in liver

\4

je proces, ko
maligne celice
potujejo po
telesu in tvorijo
zasevke



Zmoznost metastaziranja

/ Primary tumour

(el esreolel ol o)

Intravasation into
oG

blood vessels (© — I
CeXrs(al el ors)
Cell motility Vascular mimicry

and mvamon/o D
,_ O [0 O% \\Slnteractions

with ECM
Interplay with

@non -tumour cells
@‘/’
=) qLOj‘ ol o)

\
!a S 6
lntravasatlon\

into lymph
vessels

CTIO'TOL“ij

— Blood
Transit in blood ( _’D

> | ymphatics

Metastatic site

(Sl ererelelol ol olere
X

Embolic arrest

Lymph node

Attachment
to vessel wall

Proliferation
within or
outside
vessels

Sahai. 2007. Nat Rev Cancer 7: 737-749

TUMORSKIM CELICAM LASTNI DEJAVNIKI

DEJAVNIKI OKOLJA

* povecCano prezivetje;

= odpornost proti apoptozi;

 adhezijske molekule.

* tumorski zilni sistem;
* zunajcelicni matriks;

* tumorsko mikrookolje.




Epitelna-mezenhimalna tranzicija -EMT
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Zgodnje In

vzporedno
napredovanje ®
tumorja years

1em

Bone
metastasis

Lung
metastasis

Figure 2 | Parallel progression model (breast cancer). a | In the early dissemination and paralls
progression model, dissemination starts when tumour diameter is 1-4 mm. Metastases in differer
organs are seeded in parallel and develop within & years (tumour volume doubling time (TVDT) twic
as fast as primary tumour) to 12 years (TVDT in primary tumour equal to TVDT in metastasis). In braii
microenvironmental factors might delay the outgrowth of metastases. Tumour cells seeded from th
primary tumour at diagnosis or the various metastases will either not contribute to death (as they ar
lagging behind) or might not be able to grow out. b | In the parallel progression model, several waves ¢
disseminated tumour cells (DTCs) may disseminate before diagnosis and may progress in parallel ¢
different rates in different organs. Factors secreted by the primary tumour may stimulate colonizatio
and account for the relationship of tumour size and probability of metastatic outgrowth.

Late-disserninating tumour

cells from large primary

tumour or metastasis

* Possibly less capable of
forming a metastasis or

» death of patient before
relevance for disease




12 years

Primary tumour

Stirmulating signals of
primary tumour for early
disseminated cells

‘——"/

Highly aggressive

Vzporedno
napredovanje |
tumorja

E Parallel metastatic progression
S 0w at growth rates up to twofold
> faster than primary tumour
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Metachronic manifestation of metastasis
Metastatic success influenced by primary tumour

Figure 2 | Parallel progression model (breast cancer). a | In the early dissemination and paralls
pregression model, dissemination starts when tumour diameter is 1-4 mm. Metastases in differer
organs are seeded in parallel and develop within 6 years (tumour volume doubling time (TVDT) twic
as fast as primary tumour) to 12 years (TVDT in primary tumour equal to TVDT in metastasis). In braii
microenvironmental factors might delay the outgrowth of metastases. Tumour cells seeded from th
primary tumour at diagnosis or the various metastases will either not contribute to death (as they ar
lagging behind) or might not be able to grow out. b | In the parallel progression model, several waves ¢
disseminated tumour cells (DTCs) may disseminate before diagnosis and may progress in parallel :
different rates in different organs. Factors secreted by the primary tumour may stimulate colonizatio
and account for the relationship of tumour size and probability of metastatic outgrowth.



MELANCMA -
OFTEN SPREADS o
TO LUNGS

Metastaziranje

Maligni

melanom * |nvazija (metaloproteaze)
ogosto met. v . .e . v .

o » Migracija po krvnih Zilah ali

Rak debelega limfi
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Terapevtske tarce

Aerobic glycolysis

EGFR
inhibitors

Sustaining
proliferative
signaling

Cyclin-dependent
kinase inhibitors

Evading
growth
suppressors

Immune activating
anti-CTLA4 mAb

inhibitors

Deregulating
cellular

Resisting Enabling

Telomerase
Inhibitors

Proapoptotic cell replicative
BHS mimetice death immortality
Geno Tumor
instability & promoting
mutation infilammation
PARP Inducing Activating \ Selective anti-
inhibitors angiogenesis invasion & inflammatory drugs
metastasis

Poly (ADP-ribose) polymerase

Inhibitors of Inhibitors of
VEGF signaling HGF/c-Met
Figure 6. Therapeutic Targeting of the Hallmarks of Cancer

Druge that interfom with each of e acquired capablifes necessary for tunor growth and progression have been devaopad and are incinica tids or insome
cases appeoved for cincd usa in tmatng centain farms of human cncer. Addtionadly, $e nvestigational drugs are baing dovalaped © tamget sach of e
enabing characisdstcs and emerging haimades depicted n Figure 3, which ako hold promize as cancer thempedtics. The drugs listad am but Bustative
axanples; thare & adesp pipaine of candidate drugs with diflernt mdecuar targets and modes of acton in develapment for most of hese hallmaks.



Razlika med beningnimi in malignimi tumorj

[A] Benign
Intact surface

- Exophytic growth

Nortens st arts) = Homogeneous
s cut surface

\ Circumscribed or

encapsulated edge

|B! Malignant Heterogeneous cut
surface due to necrosis

- Ulcerated surface

Endophytic
growth

\ Vascular

permeation

~ |rrequiar infiltrative edge
© Elsevier Ltd. Underwood: General and Systematic Pathology www.studentconsult.com
Benigni —obicajno imajo ovojnico, niso fiksirani na sosednje strukture, rastejo

pocasi, povrSina ni ulcerirana (gnojna), rast je eksofitiCna ali polipoidna
Maligni — lokalna invazija in metastaziranje



Benigni tumorj

« Lahko so predstopnja malignih tumorjev
* Problem zaradi anatomske lokacije (mozgani)
« Kompresija sosednjih anatomskih struktur,

 |zloCanje biolosko aktivnih substanc (Cushingova
bolezen nadledviCna zleza)




Poimenovanje benignih novotvorb

* benigni tumorji mezenhimskega izvora —
koncnica om + tkivo iz katerega izhaja (lipom,
angiom, leomiom)

* benigni epitelijski tumoriji, ki tvorijo zlezne
strukture so adenomi

* benigni epitelijski tumorji z resicastimi
poganjki so papilarni adenomi ali polip

O
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Maligni tumorji: rak

Difuzno infiltrirajoCi robovi

Fiksirani na sosednje
strukture

Hitra rast

Ulcerirana povrsina

« Slabo diferencirani

* Invazija bazalne membrane
(miSic, zivcev)

* Invazija v zile ali limfo
 Nekroza

« CitoloSke spremembe
(povecCano St. mitoz...)
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Poimenovanje malignih novotvorb

« maligni mezenhimski tumorji so sarkomi (liposarkom,
angiosarkom, leomiosarkom) razen izjem (leukemija,
limfom, melanom)

« maligni epitelijski tumorji so karcinomi: tisti, ki tvorijo
zlezne strukture - adenokarcinomi; strukture ploscatega
epitela ploscatocelicni ali skvamoznocelicni karcinom

* tumorji iz embrionalnih tkiv so blastomi (retinoblastom)

* tumorji iz klicnih celic, ki imajo tkivne sestavine vsaj dveh
Klicnih pol — teratomi

- _Imena po avtorjinh — Burkittov limfom, Evingov sarkom

C



Rast tumorjev

Cells n

Rastna krivulja
humanega tumorja, ¢
ki prikazuje latentno
obdobje pred
klinicno detekcijo

Cells ()

Tumor ima lahko
zacetno lag fazo in
upocasnjeno rast
pri velikem volumnu
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Figure 3 | Growth rates in human cancer. a | The graph shows the relationship between tumour size

and cell doublings assuming exponential growth. b | During the visible phase, tumour growth may be
initially exponential but slow down at larger sizes (Gompertzian growth®®), whereas growth kinetics
during the invisible phase may be faster or slower. Most researchers assume constant exponential
growth (red line). ¢ | The graph shows growth rates for 12 cases with primary cancer of the breast. Each
curve represents one case. The solid line indicates the period of observation. Dotted lines mark the

O

invisible phase. d | The graph shows the proliferation index (measured by Ki-67 labelling) of matched
triplets including intraductal areas, invasive areas and metastases, from eight patients. Note that pro-
liferation indices are higher in metastases in four patients and lower in the other four. Data taken from

REF. 87. Parts a—¢ reproduced, with permission, from REF. 14 © (2009) Wiley—Liss, Inc.
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Kirurgija

Pogosto terapija izbora za zdravljenje Cvrstih
tumorjev

* Lokalen nacin zdravljenja

* Ponavadi se kombinira z obsevanjem ali
kemoterapijo (adjuvantna ali neoadjuvantna)

Verjetnost za ozdravitev po kirurskem zdravljenju
je odvisna od velikosti tumorja, lokacije in
razsirjenosti bolezni — patologija, ter tudi od
fiziCnega stanja bolnika

O




Kirurgija

Kakovosti zivljen|
Simptomatski
PlastiCha in re
Presaditvena

Radikalni posegi
Paliativni posegi (namen je izboljSanje

a, ne podaljsevanje zivljenja)
Doseq|

konstruktivna



Radioterapija

Uporaba ionizirajoCega sevanja (X, y zarki)
Cilj: ubiti tumorske celice ob ohranitvi normalnih celic

(planiranje, razlike v bioloskih lastnosti tumorjev in
normalnih tkiv)

Uporablja se pri zdraviljenju 60% vseh tumorjev
Lokalen nacCin zdravljenja

Obicajno v kombinaciji s kirurgijo ali kemoterapijo
Uspeh zdravljenja odvisen od vrste raka, razsirjenosti
bolezni, lokalizacije



Radioterapija

e Kriticha tarca: DNK
(enojni in dvojni .
prelomi DNK vijacnice) DELOVANJE

« Tvorba prostih
radikalov (radioliza
vode)




Sistemsko zdravljenje raka

HORMONSKO [ __} «EMOTERAPIIA

ZDRAVLJENJE
O
0 O
Hormonsko odvisni raki BIOLOSKA Neselektivha
Rak dojke ZDRAVILA Delujejo na

RaRostate vse hitro se delecCe

celice

Tarcna zdravila
Imunomodaulator;ji

Q Vakecine Genska terapija
ti-angiogena zdravila



Kemoteraplja —zdraviienje raka z naravnimi ali

sinteticnimi produkti, ki imajo citotoksiCen ucCinek

DISRUPTED

Prednosti 'y & <
Sistemsko -

- -
»
n .

NORMAL

zdravljenje. Vo
-
Slabosti e, R S s ot LR
Pomankanje specifiénosti/’iémetabo"ti Rastl. alkaloidi AlkilizirajoCa
zdravila
tumorske celice.
Posledice Inhibitori

topoizomeraz

Stranski ucCinki, toksiCnost.

Examples: doxorubicin, CPT-11



Kemoterapija

AGENTS BINDING MICROTUBLULE
TO DiMA IMHIBITORS
[Stop DMA synthesis] [Stop cells making components

needed fo separate)
Vinca alkaloids [vinblastine,
vineristing, vinorelbina),
docetaxol, poclitoxel

alkylating agents, anti-
tumaour anfibictics,

plafinum compounds,

miscellonacus others

M phase

Cell division

AMTEMETAROUTES
15[‘1‘_‘1"_‘1 calls rnull;ing th huilding blocks of DA}

O methotrexate, azathioprine, 6-MP, &TG, 5FU



http://www.drugdevelopment-technology.com/projects/erbitux/index.html

Ciljana kemoterapija & bioloska
zdravila

* Nova zdravila (signalne poti, onkogeni, tumorska
angiogeneza...) — Herceptin, Avastin, Mabtera

* Protitelesa ali zdravila vezana na protitelesa ali ligande, ki se
specificno vezejo na tumorske celice ali pa na celice tkiv
povezanih s tumorjem (tumorsko zilje)

* Vezava zdravil v liposome ali polimere
 Magnetno dostavljanje zdravil

« Ultrazvok

« Elektroporacija

O



Ciljana kemoterapija

Kombinacija protiteles in
toksinov, encimov,
radioizotopov.

VkljuCevanje citostatikov v
liposome (prikriti liposomi-

PEG).

Imunopolimeri-na
polimere (HPMA) vezani
citostatiki.
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Nacini delovanja tarcnih zdravil

* Monoklonalna protitelesa
(MADbs) proti receptorju ali
ligandu

* Majhne molekule-
Inhibitorji tirozin kinaz
(TKISs)

O



Primeri terapevtskih monoklonskih protiteles, ki so odobreni v ZDA

Protitelo Ime Leto Tip Tarca Indikacije
odobrit

ve

Gemtuzumab Mylotarg 2000 humanized CD33 Acute myelogenous leukemia (with calicheamicin)
Ibritumomab Zevalin 2002 murine CD20 Non-Hodgkin lymphoma (with yttrium-90 or indium-111)
tiuxetan
Rituximab Rituxan, 1997 chimeric CD20 Non-Hodgkin lymphoma

Mabthera
Tositumomab Bexxar 2003 murine CD20 Non-Hodgkin lymphoma
Trastuzumab Herceptin 1998 humanized ErbB2 Breast cancer

yomab — misje protitelo -ksimab — himerno protitelo
C)zumab — humanizirano protitelo -mumab — humano protitelo



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

Prihodnost zdravljenja raka pri sistemskem

zdravljenju
EMPIRICNA MOLEKULARNA
ONKOLOGIJA ONKOLOGIJA
Razvoj citotoksiCnih zdrauvil Poznavanje biologije

korist za populacijo

posameznih tumorjev in tem
prilagojeno zdravljenje

T

|

Za vse enako zdravljenje

Posameznemu bolniku in

O

tumorju prilagojeno zdravljenje
— INDIVIDUALIZIRANO
ZDRAVLJENJE
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Medicinske in bioloske raziskave potekajo
vsaj na eni od naslednjih kategori

Zdravi prostovoljci
Laboratorijske (eksperimentalne) zivali

Embriji, organi, tkiva, celice rastlinskega,
Zivalskega ali humanega izvora

Bakterije, glive, prazivali

Simulacija — racunalniski programi, fizikalni ali
kemijski produkti



Modelni organizmi

Escherichia coli (E.coli) - bakterija " i

Saccharomyces cerevisiae — kvasovka

Arabidopsis thaliana — rastline

Drosophila melanogaster — muha

Caenorabditis elegans — nematoda (Crv)

(2115

Mus musculus — misi

O




|zbira eksperimentalnega modela

|zbira eksperimentalnega modela temelji na tem,
da odgovorimo na zastavljen znanstven problem
na najpreprostejsi nacin.

Pri izbiri eksperimentalnega modela, mora nas

Izbor temeljiti na, poleg znanstvenih osnov, tudi
na zakonodaji in etiki.



Shema verige v translacijskih
raziskavah

In vitro raziskave

N

Zivalski modeli in vivo

N

Faza I in IT klini¢ne raziskave

POSKUSNI MODELI

[mviRo. | = [mNwavo |

1 1T 1

ZDRAVLJENJE BOLNIKOV

O

N\

Faza IIT klini¢ne raziskave

Standardno klini¢no

zdravljenje

C



Kaj je dober model?

Celicne kulture

Sferoidi

Glodalski tumorski modeli
Humani tumorski ksenografti

Samo orodja, ki se uporabljajo za studij
. specificnih vprasanj v zvezi s humanimi tumorji



Test klonogenosti

Kontrola IPA SKV IPA NO,

PE = st. zrastlih kolonij/st. nasajenih celic

Sf = PE tretirane skupine/PE kontrolne skupine

Q= platting efficiency;  Sf= surviving fraction



DELEZ PREZIVELIH CELIC

Prva krivulja prezivetja celic in vitro
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O « Hela celice po obsevanju
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Laboratorijske misi

* Imunsko sposobne

 Gole (brez T
limfocitov)

e SCID (brezBinT
limfocitov)

* Transgene
* Knockout




Misji tumorski modeli

Dostopnost in-breed linij (sorodniki)
Tumorski sistemi lahko dostopni
Relativnho poceni

Dobro definirani end-point-i

Hitra rast tumorjev

Hitri In ponovljivi rezultati




Misji tumorski modeli

Spontani

Korelacija med odgovorom na
kemoterapijo humanih
tumorjev na misih in kliniCnim
odgovorom

O

Presajeni tumorji zgodnjih generacij
Ustanovljeni presajeni tumorji
Humani tumorski ksenografti
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Podkozni tumoriji, pljucne metastaze

Kontrola Bleomicin
| 20 pg/mis
EP: 8 pulzov, | e+ Elektrokemo
1300 V/icm [§ terapija

1 H@ us i



Testi za ugotavljanie protitumorske
ucinkovitosti e

e Test zaostanka v rasti

tumorjev

Holo} o
 Test lokalne kontrole rasti

tumorjev 50

O :




Testl za ugotavljanje protitumorske
ucinkovitosti

« Test lokalne kontrole rasti tumorjev
« Terapevtski indeks
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