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Incidence a umrtnost na nadorova onemocnéni
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Diagnostika

-Laboratorni vysetreni ( sedimentace erytrocytll, hematologické
vysetreni, biochemicka vysetreni)

Cytologické a biopticke vySetreni (pre- nebo postoperacni)

-Nadorove markery — laboratorné prokazatelné znamky projevu
specifickych nadorovych onemocnéni (antigeny, emzymy, hormony
a jejich receptory)

Mohou odrazet proliferacCni aktivitu, mohou byt sdruzené s
diferenciaci nebo vznikaji pri destrukci bunék.

Patfi sem i pro nador charakteristické chromozomalni
abnormality.

-Biochemicke metody detekce: radioimunologicka (RIA), enzym
vazajici imunosorpcni (ELISA) (vétsinou komercni kity a
automatické analyzatory)



« \lySetreni stavu bunécné kinetiky
Morfologie, sledovani poctu mitdz — mitoticky index
Metody autoradiografické (inkorporace 3H-tymidinu)
Metody cytochemické (specialni barveni, speifické protilatky proti
antigenm spojenym s proliferaci (Ki-67, PCNA), stanoveni
AgNOR

Pritokova cytometrie
Bunécny cyklus, ploidita, specifické markery, imunotypizace (CD
antigeny)

- Molekularne biologicke metody (Southern, Nothern a Western
blotting pro analyzu DNA, RNA a proteinll), polymerazova
retézova reakce — amplifikace malych fragmentt DNA, vytvareni
cDNA knihoven z malého mnozsvi mRNA (PCR, RT-PCR, real-
time PCR)

Hybridizace in situ, microarrays



O

< Zobrazovaci metody

- Ultrasonografie — vySetreni ultrazvukem, neinvazivni

- Rentgenove vysetreni — kontrastni vySetreni, mamografie —
screening a diagnostika rakoviny prsu

- Pocitacova tomografie (CT) - odhali az 90% lozisek mensich
nez 1 cm

- Magneticka rezonance (MR) — zejména vysSetreni mozku
a michy

- Radionuklidové vysetrovaci metody — vyuziti izotopd
(scintigrafie, emisni tomografie

- Endoskopicke vysetreni — nadory v télnich dutinach




Klasifikace nadorovych onemocnéni

Urceni rozsahu onemocnéni dllezité pro volbu Iécebné strategie a pro
odhad progn6zy onemocneéni.

Jednotny klasifikacni systém TNM

T (tumor) 1-4 - rozsah primarniho nadoru

‘N (noduli) 1-3, 0, X — stav regionalnich miznich uzlin
‘M (metastases)0, 1 — informace o metastazach

Histopatologicky grading G1 — 4, X — stupen diferenciace
DalSi nezavazné deskriptory

Stadium choroby (staging) I. — IV.

Hodnoceni télesné zdatnosti (funkcni staging)

U nékterych nadord formulovan soubor prognostickych znakd, tzv.
mezinarodni prognosticky index (IPI)

Vznik a vyvoj nadorQ je slozity déj, ktery zavisi na prekonani rady
restrikcnich mechanismd{ na Urovni genomu, bunky, tkané i celého
organismu a ktery pro svou komplexnost vyzaduje pfi planovani terapie
individualni pristup (tailoring therapy) - vyuziti poznanych biologickych
charakteristik



- Klinické — staging (jeden z nejsilnéjSich prognostickych faktor(),
sledovani preziti a Iécebné odpovedi

-« Organove — sledovani odpovedi nadoru na léCbu

- Tkanove — histologicka charakteristika, grading, tkanova architektonika,
vaskularizace, expresni profily-imunohistochemie, /in situ hybridizace

- Bunécna — funkcni testy, obsah DNA, proliferacni a apopticka aktivita

- Molekularni — cytogenetické a genetické charakteristiky nadorovych a
somatickych bunék

Incidence nadorovych onemocneéni se stale zvysuje. Presto je dlouhodoba
mortalita témér konstantni diky vyraznym lecebnym a diagnostickym
pokrokdm.

Nove léCebné postupy, nova chemoterapeutika, kombinovana terapie a
aplikace novych poznatk{ o biologii nadorové buriky.

Hledaji se nove prognosticke/prediktivni faktory umoznujici presnejsi
rozdéleni nemocnych do rizikovych skupin.



Lécebné metody

Chirurgie

« Ozarovani

« Chemoterapie

- Biologicka terapie

Chemoterapeutickée latky

«  platinové derivaty

« antimetabolity (metotrexat, fluorouracil)

« inhibitory topoizomeraz (doxorubicin, etoposid)
« alkylacni Cinidla (cyklofosfamid)

«  rostlinné alkaloidy (vinblastin, paclitaxel)

Biologicka terapie - hledani novych pristupll na zakladé poznani
mechanism0

- Stimulace obrannych mechanism( hostitele véetné specifickych a
nespecifickych imunologickych pristupt (imunoterapie)




- Strategie cilené pfimo na zménu nadorového rdstu a diferenciace -
vyuziti r@stovych faktor{, genetické inzenyrstvi - ovlivnéni klicovych
gend.

- Angiogenni terapie — cilena proti vaskularizaci nadord

Podpiirna (symptomaticka) lIécba
Nema za cil smrt nadorovych bunék, ale usiluje o co nejlepsi kvalitu Zivota
nemocnych (zmirnéni obtizi vyvolanych nadorem a lécbou)

Paliativni Iécba — komplexni podplirna Ié¢ba u pacientll s pokrocilym
nevylécitelnym onemocnénim

Kurativni lécba — cilem je vyléceni nemocného

Nekurativni lechba — cilem je zabijet nadorové buriky, ale nema ambice vyhubit
vSechny (pokrocilé onemocnéni, rezistence na lécbu atd.)

Adjuvantni lécebné postupy — chemo- nebo radio-terapie — u téch nadord, kde
je predpokladana pritomnost mikrometastaz, nutna chemosenzitivita nadoru

Neoadjuvantni postupy — predoperacni |écba s cilem zmensit primarni nador
pred chirurgickym vykonem



Nové smeéry vyvoje protinadorové lecby
Cilem je primo a cilené zasahnout do kli¢ovych mechanism{
karcinogeneze na bunecne Urovni (targeted therapy).
Casto v kombinaci s konvencnimi léCebnymi postupy.

-Anti-EFGR terapie — monoklonalni protilatky s vazbou na receptor
epidermalniho rlstového faktoru (EGF), inhibitory tyrozinovych kindz,
»antisense" nukleotidy, vakcina proti receptoru nebo ligandu
-Diferenciacni terapie (kyselina afl-trans retinova, vitamin D3)

-Inhibitory prenosu signalt
= Inhibitory tyrozinovych kinaz
= Inhibitory cyklin-dependentnich kinaz — ovlivnéni bunécného cyklu
= Inhibitory jinych kinaz — napr. MAP kinazy, JNK
= Inhibitory farnesyltransferazy — inhibuji onkoprotein ras — spojen
s vnitrni stranou plazmatické membrany izoprenoidni lipidovou
skupinou — farnesylem

Mutace protoonkogenu ras - ¢asta u nadorl - vede k nekontrolované
proliferaci, inhibici apoptdzy a zvyseni angiogeneze



 Genova terapie

Postup maijici za cil napravit genetickou odchylku
zpUsobuijici vyvoj nadorové bunky (p53, geny
rezistence, sebevrazedné geny, cytokiny)

- ,Antisense” oligonukleotidy

 Angiogeneze a antiangiogenni terapie

= inhi
= inhi
= inh

bitory proteaz
bitory migrace a proliferace endotelu

bitory angiogennich rlstovych faktorl



Imunoterapie

intervence do imunitnich mechanizmd s cilem obnovit nebo
modifikovat funkce imunitniho systému (substitucni, supresivni
nebo stimulacni, aktivni vs. pasivni, specificka a nespecificka)

Bunecna imunoterapie — podani bunék imunitniho systému
s protinadorovou aktivitou — cilené zasazeni nadoroveé tkané a
prekonani tolerance a imunosuprese vyvolané nadorem.

Nadorové antigeny — vznik novych antigendl, kterymi se nadorové
buniky lisi od normalnich — ter¢ pro imunitni reakci

Nespecificka bunécna imunoterapie — posileni protinadorové
imunity nezavisle na specifickych nadorovych antigenech



Princip: kultivace efektorovych bunék ex vivo
s latkami, které aktivuji nebo posiluji jejich protinadorovy ucinek
(LAK bunky, NK-bunky, aktivované monocyty-makrofagy

Zkouseno pres 30 let — malé uplatnéni v praxi

Specificka bunécna imunoterapie — adoptivni imunoterapie
vyuzivajici specificky prevod bunék (TIL)

Protinadorove vakciny — navozuji specifickou imunitni odpoved’
proti nadorovym bunkam v prim. nadoru i metastazach
Dendritické bunky
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Prediktivni onkologie

klinicky orientovany onkologicky vyzkum vyuzivajici metod bunécné a
molekularni biologie.

Hledani novych Iécebnych postupl a IéCiv smérovanych na klicové genetické
zmeény umoznuijici transformaci normalni somatické bunky v nadorovou.

Jsou to predevsim

sporuchy bunécného cyklu,

poruchy v aktivité/mnozstvi receptort pro rlstové faktory,

~exprese protiapoptickych faktor( a

snesmrtelnost nadorovych bunék vazana Ci nevazana na expresi telomerazy.

Chromozomalni a geneticka analyza nadorovych bunék je dilezitym
faktorem pro progndzu a individualizaci IeCby. Problémem jsou zvlasté
solidni nadory, kde jsou cytogenetické znalosti minimalni napr. ve srovnani
s hematologickymi malignitami.

V praxi se jedna o stanoveni ploidity DNA, chemosensitivity /n vitro,
cytogenetické a genetické vySetreni atd.



Molekularni patologie

studium procest souvisejici se vznikem a rozvojem chorob, a to
na urovni nukleovych kyselin a proteind, respektive jinych
molekul, které jsou jimi regulovany.

Vyuziva technik molekularni biologie a vysledky jsou davany
do kontextu s nalezy dalSich biomedicinskych obor(.

Umoznuje odhalovat pocatky nemoci a nahlédnout az na genovou
uroven.

Zpétné prispiva k vyvoji novych lécebnych pristupd.
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Autotransplantace

Pred planovanou radio- Ci
chemoterapii nadorl
(nehemopoetickych).
Odbér zdravé kostni drené
nebo krve — izolace
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transplantace pro obnovu
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Transplantace od vhodného
darce — u hemopoetickych
malignit.



Vyuziti transplantace tkanoveé specifickych kmenovych
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Current Opinion in Cell Biology

Summary of therapeutic tissue-specific stem cell transplants. Purification of HSCs from bone marrow (BM)} and subsequent transplantation
can reconstitute the blood system, including red blood cells (RBCs), white blood cells (WBCs} and platelets, for the treatment of cancer,
immunological deficiencies, metabolic disorders and hemoglobinopathies. Epithelial cells can be cultured and transplanted, creating

an autologous source of epithelial stem cells to treat burns, ulcers and genetic skin disorders. Dopaminergic neurons derived from
embryonic neural tissue can be transplanted to treat Parkinson's disease. Pancreatic stem cells have not been isolated.

Moznost kultivace /n vitro. Hemopoetické kmen. buriky z kostni dfené (rekonstituce
poskozené krvetvorby), epitelialni kmen. burky (popaleniny, poskozeni kiize),
dopaminergni neurony odvozené z embryonalnich kmen. bunék (Parkinsonova

choroba).
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Current Opinion in Cell Biology

Muclear transfer embryonic stem (NT ES) cells can be created by the
transfer of a somatic cell nucleus into an enucleated oocyte. ES cells

cultured from the ICM of a blastocyst created by NT can either be
manipulated for transplantation or can undergo gene therapy before
transplantation for the treatment of genetic disorders.

Tvorba emryonalnich
kmenovych bunék prenosem
jadra somatickeé bunky

do enukleovaného oocytu.
Bunky ziskané z takto vytvorené
blastocysty Ize vyuzit

k transplantaci, prip. s vyuzitim
predchozi genoveé terapie

k napraveé genetickych poskozeni.



Chemoprevence a chemoterapie
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Dédicnost nadorovych onemocnéni

Genetika, mutace specifickych genll — zvySena nachylnost (susceptibility)
k urcitym typtim nadort

Prevence — ,family trees", cytogenetické amalyzy, enzymové markery

e B Y \'b'. |. i




Chemoprevence

Prirodni nebo syntetické latky, zasahujici v rannych fazich karcinogeneze.
Aktivuji detoxifikacni enzymy, antioxidacni ucinky - laboratorni a
epidemiologické studie

«a-tokoferol, p-karoten , vitamin A a retinoidy - zelenina, ovoce
«Dithiolthiony, sulforaphan - brokolice, kvetak, kapusta

Genistein - sdja

Epigallocatechine gallate - zeleny Caj

«Curcumin - curry

*Tamoxifen - antiestrogen - prevence u zen se zvySenym rizikem vzniku
nadoru prsu

Nesteroidni antiflogistika (NSAID) - aspirin, piroxicam, sulindac -
prevence kolorektalnich nadord

*Finasteride (blokuje preménu testosteronu na androgen) - prevence
nadorl prostaty

*DFMO - difluorometylornitin (blokuje aktivitu ornitin dekarboxylazy) -
prevence rlznych typl nadord



Priklady syntetickych chemopreventivnich latek

Selective COX-2 Inhibitors  Selective Binding to RXR (Rexinoids) Selektivni inhibi tory
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Priklad rtiznych strukturalnich podob skvalenu

P-TARAXASTAMNE FRIEDELANE




Noveé latky vznikajici na zaklade
strukturalnich studii

Oleanolic Acid (OA) Ursolic Acid (UA)
(Cao) (C30)

Oleanolic and ursolic acids, which have been used as chemopreventive agents, are
both derived from squalene. Note that the two structures differ only in the location of
the two methyl groups in the E-ring.



Mechanismy puisobeni
protinadorovych léciv




CHEMOTERAPEUTICKE LATKY

ANTIMETABOLITES

Some anticancer compounds act as
false substances in the biochemical re-
actions of a living cell. A prime example
of such a drug is methotrexate, which is
a chemical analogue for the nutrient folic
acid. Methotrexate functions, in part, by
binding to an enzyme (orange) normally
involved in the conversion of folic acid
into two of the building blocks of DNA,
adenine and guanine. This drug thus pre-
vents cells from dividing by incapacitat-
ing their ability to construct new DNA.

METHOTREXATE p

FOLIC ADENINE
ACID 5 . 3

DNA

Examples: methotrexate, fluorouracil,
gemcitabine

Families of Chemotherapeutic Drugs

TOPOISOMERASE INHIBITORS

Replication of a cell's genetic material re-
quires a means to pull the DNA double helix
apart into two strands. This separation is
typically accomplished with the aid of a spe-
cial “topoisomerase” enzyme (orange) that
temporarily cleaves one strand, passes the
other strand through the break and then
reattaches the cut ends together. Drugs
that inhibit the ability of topoisomerase en-
zymes to reattach the broken ends cause
pervasive DNA strand breaks

in cells that are dividing, a
process that causes
these cells to die.

Examples: doxorubicin, CPT-11

ALKYLATING AGENTS

Certain compounds (orange) form
chemical bonds with particular DNA
building blocks and so produce defects
in the normal double helical structure
of the DNA molecule. This disruption
may take the form of breaks and inap-
propriate links between (or within)
strands. If not mended by the various
DNA repair mechanisms available to
the cell, the damage caused by these
chemicals will
trigger cellular
suicide.

Examples: cyclophosphamide,
chlorambucil

PLANT ALKALOIDS

Certain substances derived from plants can
prevent cell division by binding to the protein
tubulin. Tubulin, as its name implies, forms
microtubular fibers (pink) that help to orches-
trate cell division. These fibers pull duplicat-
ed DNA chromosomes to either side of the
parental cell, ensuring that each daughter
cell receives a full set of genetic blueprints.
Drugs that interfere with the assembly or
disassembly of these tubulin fibers can pre-
vent cells from dividing successfully.

DISRUPTED
FIBER

Examples: vinblastine, vinorelbine,
paclitaxel, docetaxel

TOMO NARASHIMA

Chemoterapeutika zabranuji mnozeni bunék nebo indukuji apoptdzu réiznymi

mechanismy.

’

Antimetabolity, inhibitory topoizomeraz a alkylacni Cinidla blokuji syntézu DNA
Rostlinné alkaloidy blokuji mitotické déleni



Chemoterapeutika vyvolavajici oxidativni

stres

Table 2. Drug Inducers of Oxidative Stress

Anthracyclines
Epipodophyllotoxins
Camptothecins

Platinum coordination complexes
Bleomycins

Alkylating agents




Dvé drahy aktivace apoptozy chemoterapeutiky

Figure 2. Duel Apoptotic Pathways of Chemotherapy

Chemotherapy
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APOPTOSIS

Cellular damage by antineoplastic agents initiates the process of apoptosis
by causing release of cytochrome ¢ from mitochondria or by activation of
death receptors. These proapoptotic events result in activation of unique
proteases, caspase 8 and caspase 9, which are termed initiator caspases
because they activate other caspases (effector caspases) that carry out
disassembly of the cell.

Chemoterapeutika aktivuji apoptdzu pres mitochondrialni drahu nebo
pres aktivaci receptorll smrti (,,death receptors)



Signalni drahy apoptoézy indukované chemoterapeutiky

Activation of Apoptosis Pathways by Anticancer Therapy

Drugs / Irradiation
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Figure 1  Apoptosis pathways in anticancer therapy. Apoptosis pathwavs can be triggered through different entry sites, for example,
at the plasma membrane upon crosslinking ol death receptors (receptor pathway) or at the mitochondria (mitochondrial pathway).
Stimulation ol death receptors of the TNF receptor superfamily (DIL-R) such as CD95 (APO-1/Fas) or TRAIL receptors by DIL
results in receptor aggregation and recruitment of the adaptor molecule FADD and caspase-8 into a DISC. Caspase-8 becomes
activated upon recruitment and initiates apoptosis by direct cleavage of downstream elflector caspases. The mitochondrial pathway is
initiated by the release of apoptogenic factors such as cytochrome ¢, or Smac from mitochondria into the cytosol. The release of
cytochrome ¢ into the cytosol triggers caspase-3 activation through the formation ol the cyvtochrome ¢/ Apal-1/caspase-9-containing
apoptosome complex. Smac promotes caspase activation through neutralizing the inhibitory effects to TAPs, while AIF causes DNA
condensation. The receptor and the mitochondrial pathway can be interconnected at different levels, for example, through Bid, a BH3
domain-containing protein of the Bel-2 family, which assumes cytochrome c-releasing activity upon cleavage by caspase-8. Activation
ol caspases is negatively regulated at the receptor level by FLIP, which block caspase-8 activation, at the mitochondria by Bel-2 family
proteins and by IAPs. AIF, released [rom mitochondria mediates caspase-independent large-scale DNA fragmentation after
translocation to the nucleus




Davkova zavislost

Expozice bunék velmi nizkymi davkami chemoterapeutik ma minimalni
efekt na viabilitu nebo bun. cyklus diky dostatecnym schopnostem
reparacniho systému opravit poskozeni.

Ve vyssich koncentracich v zavislosti na pritomnosti nebo nepritomnosti
kontrolniho bodu v G1 (souvisejiciho s expresi p53) se vyskytuiji 2 typy
odpovedi:

*v pripadé funkcniho kontr. bodu je bun. cyklus zastaven v G1 dokud
nedojde k oprave poskozeni nebo dochazi ke spusténi apoptozy pri
velkém rozsahu poskozeni (po vysokych konc.) nebo nelspésné reparaci.
*jestlize je kontr. bod nefunkcni (napr. pri mutaci p53) bunky vstupuji do
S faze, ale postup (DNA replikace) je suprimovana podle konc. latky.

- v pripade bunek ,primed" k apoptoze, dojde k apoptoze rychle (3-6 h,
Limmediate apoptosis") u prahovych hodnot konc., slabé nad témi, které
kompletné inhibuiji progresi S faze.



- v pripadé non-primed bunék prodlouzena suprese prlichodu bun.
cyklem (defective progression) vede k rlistové nerovnovaze,
sekundarnim zménam, naslednému nastartovani a pozdni apoptoze.
Tato apoptdza vykazuje Casto atypické vlastnosti, komlikované riistovou
nerovnovahou a sekundarnimi zménami metabolismu.

- pri jesteé vyssSich konc. prekracujicich farmakologickou davku dochazi
k nekroze.

Nadorove tkane maji, analogicky jako normalni tkan€, proliferujici cast
populace a cast populace neproliferujici, ktera se sklada z klidovych
bunek v GO fazi nazyvané nékdy takeé populace kmenovych
neoplastickych bunék.

Tyto bunky je obtizné znicit, protoze jsou rezistentni k cytostatickému
plUsobeni zareni nebo chemoterapeutik.

Urcitou dobu po ozareni nebo chemickém plsobeni vstupuiji znovu do
cyklu a jsou zdrojem obnovy nadoroveého ristu.



Opakovana cytostaticka terapie a kombinovana terapie
(s vyuzitim humoralnich faktord, imunologickou indukci, atd.)
predstavuji hlavni pristupy jak dostat do cyklu i klidové bunky, a
pak Ucinné inhibovat jejich rdst.

Klicovou otazkou vsak zlstava volba nejvhodnéjsiho ¢asového
intervalu mezi jednotlivymi aplikacemi (matematické modely).

Klidové bunky prezivaji mnohem lépe, protoze béhem dlouhého
casového intervalu mezi cytostatickym plsobenim, replikaci DNA
a délenim chromosom je poSkozeny geneticky material
reparovan.

Rychle rostouci nadory jsou citlivé na cytostatickou terapii,
frakce neproliferujicich bunék je mala, bunky maji kratkou
generacni dobu.



Opakovanym plsobenim Ize prevést GO bunky do cyklu a
ucinné inhibovat rdst (lymfomy, seminomy, nékteré leukémie).

Pomalu rostouci nadory maji prechod bunék z GO zasobni
populace rizen negativni zpétnou vazbou.

Tento mechanismus udrzuje vzdy minimalni hladinu GO bunek,
ze kterych se populace vzdy obnovuje.

Tyto nadory jsou rezistentni na cytostatickou terapii a je velka
pravdépodobnost vzniku rezistentnich klong.

Bunky maji dlouhou generacni dobu (karcinom tlustého streva,
zaludku, plic, sarkomy).



Klinicka implikace modelu nadorovych kmenovych

bunék (CSC)

Normal tissue

Hyperplasia

Carcinoma in situ

Invasive carcinoma

Metastatis

Dormant
Micrometastases

carcinoma

A. Carcinogenesis

Micrometastases

B. Clinical Interventions

Risk reduction
Reduction in normal stem
cell number

™ Early detection

Detection of factors secreted
by initiated stem cells

Primary prevention

Apoptosis or differentiation
of initiated stem cells

\

1\ Treatment
Conventional therapy

P

and/or blocking self-renewal

Wt signaling)

Targeting cancer stem cells /‘.
(inhibitors of Hedgehog, Notch, 4

C. Predicted Outcomes

PlePPisIle

Risk reduced tissue

v Secreted cancer stem
“%e cell markers

Residual non-tumorigenic cells

Cure

Residual non-tumorigenic
cells at distant sites

Cancer Research Reviews

AR

CSC jsou dilezité pro snizeni rizika nadoru, brzkou detekci, prevenci i terapii.
Redukce normalnich kmenovych bunék (SC) — snizeni rizika nadoru. Detekce faktord
sekretovanych iniciovanymi SC — brzka detekce. Indukce apoptdzy Ci diferenciace SC
Wicha MS et al., Cancer Res. 2006

— prevence. Selektivni eliminace CSC — Uspésnéjsi terapie.



Prichod bunécnym cyklem
Normalni Defektni (delayed apoptosis)

(R, S S R S

Zadny Gcinek Cytostat. G¢inky Immediate Nekréza

(reparace) Apoptosis
e
(e®
909 (,,Primed"
v cells)
>
0 Koncentrace léc¢iva

Obecné schéma ucinkl vzrlstajici koncentrace protinadorovych latek poskozujicich DNA na
bunécny cyklus a apoptozu.

Velmi nizké koncentrace — Zadné ¢&i minimalni UcCinky diky dostatecné kapacité reparacniho
systému

VysSi koncentrace:

- funkéni kontr. bod v G1- zastava a reparace poskozeni nebo apoptdza (pri vysoké konc. IéCiva
nebo pri nelspésné reparaci).

- nefunkéni kontr. bod (mutace p53) — vstup do S-faze — prlichod brzdén podle konc. |éciva
~primed cells"- apoptdza béhem 3-6 h (immediate apoptosis) pfi hrani¢ni koncentraci. Spojeno s
dalSimi faktory, napt. konstitutivni expresi c-myc.

Prolongovana suprese prichodu bun. cyklem (,nonprimed cells") vede k rlstové nerovnovaze,
sekundarnim zmenam a zpozdené apoptoze (delayed apoptosis). Ta ma casto radu atypickych
znakd.

Po priliS vysokych davkach dochazi k nekroze.



Typy bunécné smrti po plisobeni protinadorovych terapeutik
jsou zavislé na davce

- (s
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Figure 3 Forms of cell death caused by anticancer drugs
(cytotoxic stimuli). At low (subcytotoxic) doses, a drug (or other
cytotoxic agents) can arrest cell proliferation without significant
cytotoxicity. At higher drug concentrations. apoptosis-prone cells
undergo rapid cell death caused by caspase activation. Apoptosis-
reluctant cells may either recover or undergo slow cell death. At
maximal cytotoxicity, rapid necrosis may occur in any cell types



Vhodna strategie pro uspésnou nadorovou
terapii

More apoptosis of
Cancer cells Less apoptosis of
‘ Normal cells

Efﬁca«%wm
1

Increased efficacy + reduced toxicity = therapeutic benefit

Figure 1 Desirable strategy to achieve therapeutic benefit in cancer therapy.
Agents which effectively Kill cancer cells are useful to the extent that toxicity to
normal cells is tolerated. It is clear that therapeutic benefit can be achieved by
increasing apoptosis of cancer cells as well as by lowering toxicity to normal
cells upon exposure to anticancer therapy

Optimalni terapie — zvySena apoptoza nadorovych bunék a snizeni
toxicity pro normalni bunky



Lékova rezistence




Mechanismy rezistence ke xenobiotikiim

rezistence mdze byt dlsledkem:

esnizené vnitrobunécné koncentrace latky diky zménénému prijmu
do nitra bunky, zvySenému vylucovani z bunky nebo rozlozeni v
bunce

zvysené bunécné detoxifikace (inaktivace)

-kvalitativnich nebo kvantitativnich zmén bunécného cile (enzymu)
‘neschopnosti preménovat latku na aktivni formu

-zvysené inaktivace latky

zvysené reparace DNA

poruch v drahach apoptdzy

Mnoho téchto mechanismt mize plsobit soucasné a jsou bud’
prirozené pritomny v bunce nebo vznikaji de novo béhem choroby
a léceni.



VyluCovani latky z bunky je spojeno s aktivitou specifickych
proteind nebo proteinovych komplex{ uvnitf cytoplasmatické
membrany.

MDR - "multidrug resistance" k nadoroveé chemoterapii
spojené se zvySenou expresi Pgp (P170) glykoproteinu -
membranova adenosin trifosfatdaza (ATPaza) se Sirokou specifitou.

Transportuje endogenni substance (toxiny, metabolity, odpad,
hormony atd.).

Farmakologicka funkce spociva v protekci proti cytotoxickym
latkam.

Mechanismus MDR je poslednich 10 let intenzivné studovan. Byl
izolovan lidsky gen MDR1 na chromosomu 7. Tento gen koduje
Pgp a jeho exprese je spojena s MDR fenotypem.



Bunécné mechanizmy lékové rezistence
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Bunécna detoxifikace

Zakladni roli v rezistenci nadorovych bunék k rliznym cytotoxickym
latkam hraje glutation (GSH) - vnitrobunécny tripeptid obsahujici cystein
a pritomny v savcich bunkach ve vysokych koncentracich.

Zvysena konjugace s GSH je hlavnim mechanismem vyvoje rezistence.

Glutation-S-tranferazy (GST) - Ctyfi znameé izoenzymy - jsou hlavni
skupinou detoxifikacnich enzymU. ProtoZe katalyzuji konjugaci s GSH, je
hladina jejich exprese hlavnim faktorem urcujicim senzitivitu bunék.

GSH i GST mohou zplsobovat rezistenci i jinymi mechanismy nez
konjugaci, napf. GSH m{ze modulovat reparacni funkce DNA a tak
kontrolovat rezistenci napr. k cisplatine.

Viyuziti inhibitord GSH - indometacin, piriprost
Rezistence k chemoterapii zprostredkovana zménami
bunécného cile

/meny topoizomerazy - topoiz. II je zasadni pro replikaci DNA - cil
interkalacnich latek jako je adriamycin, actinomycin D nebo
neinterkalacnich latek jako jsou etoposide nebo teniposide.



Rezistence mize byt zplsobena zménou hladiny topoiz. II nebo expresi
mutovaného enzymu.

/meny DHFR (dihydrofolatreduktazy) - cil antifolatovych latek - metotrexat.
Zvysena hladina DHFR je priCinou rezistence.

Zmeny tymidilat syntazy - cil 5-fluorouracilu. Dva mechanismy rezistence -
zmeény afinity TS k lékim diky substituci jedné aminokyseliny nebo zvysena
TS aktivita.

Zvysené reparacni funkce DNA

DNA je cilem rliznych cytotoxickych latek. Pfimou nebo nepfimou vazbou k
DNA zplsobuji tyto latky zmény v DNA a genomové poruchy vedouci k
bunécné smrti.

Jednoducha alkylacni cinidla se kovalentné vazi k DNA - vnitro- i
meziretézcove vazby.

Derivaty kov( jako je cisplatina tvori také podobné vazby. Cisplatina obecné
porusuje DNA indukci vnitroretézcovych vazeb mezi N7 atomy dvou
sousednich guanind a v mensi mife indukci mezifetézcovych vazen a
monoaduktd.

DalSi cytotoxické latky jsou schopny nekovalentné se vmezerovat do DNA.
Ackoliv vSechny tyto interakce s DNA jsou potencialné letalni, rozsah
bunécné smrti je ovliviovan rozdily v rozsahu reparace.



Existuje inverzni vztah mezi bunécnou reparaci a cytotoxickou
senzitivitou.

Reparacni procesy DNA jsou velmi komplexni a zavisi na typu
poskozeni. Jejich regulace se Ucastni na 200 rliznych genl. Maji velky
vyznam pro nadorovou chemoterapii, protoze jsou zahrnuty v
rezistenci k velkému poctu cytotoxickych latek, zejména téch, ktere
nejsou ovlivnény MDR fenotypem.

Tri hlavni typy reparace DNA:

Reverze poskozeni - nejjednodussi biochemicky pochod obnovujici
integritu DNA. O6 - alkylguanin DNA alkyltransferaza prispiva hlavnim
dilem k rezistenci k alkylacnim cinidlGm - inhibice enzymu vyznamné
zesiluje cytotoxickeé ucinky latek.

Bohuzel, tento zasah mUze na druhé strané indukovat nadory, protoze
tento enzym zabranuje karcinogennim ucéinkim rady molekul.

Excise poslozeni specifickymi glykosylazami po specifickém poskozeni
bazi s naslednym vyriznutim DNA a doplnénim pomoci polymeraz a
ligdz. Exprese téchto enzymd je u rezistentnich bunék pozitivné
regulovana.



Postreplikacni reparace umoznuje napravu vaznych poskozeni DNA.
Jestlize nejsou pred replikaci opraveny, zpUsobuji tato poskozeni
replikacni blok. Bunky obnovuji syntézu DNA v jiném replikacnim
bode.

Vyuziti inhibitort reparace DNA mUze zlepsit terapii. Inhibice
specifickych enzym( jako je DNA polymeraza nebo topoizomeraza II.

K Uspésnosti chemoterapie prispiva rada faktord. Jsou to
farmakologicke faktory, které zabranuji adekvatni expozici latkou v
misté pUsobeni:

-zpUsob podavani Iéku - koncentrace a doba

-morfologické podminky - absorpce, metabolismus, vaskularita a
okyslicovani tkane.

Kromé téchto faktorl, které mohou byt ovlivnény prizplisobenim
rezimu, existuji rlizné bunécné mechanismy odpoveédné za nizkou Ci
vysokou hladinu rezistence.



Nékteré parametry Iékové rezistence

Host Resistance Intrinsic
AN ~/ lInnate)
Factor Mechanism

/ \\ Acquired
Tumor (Adaptive)

Drug concentration

Determinant

Primary target

Target-associated pathways:
® repair
» checkpoints

e |apoptosis

Figure 1 Some of the parameters involved in drug resistance

Vnitrni (intrinsic) a ziskana (acquired) rezistence




a MDR cells

RGizné modely Iékové
rezistence

a)geneticka zména v nadorové burice
indukuje MDR (multidrug resistance) a
vytvari se rezistentni klon.

b)mala populace kmen. bunék v nadoru
exprimujici transportéry léCiva preziva
chemoterapii a repopuluje nador.
c)ziskana rezistence - kmenova burka
exprimujici transportéry preziva terapii,
kdeZto komitované buriky hynou. Mutaci
pak vznika v populaci prezivajicich kmen.
bunék rezistentni fenotyp.

d)Vnitrni rezistence — jak kmen. bunky tak
rlzné diferencované bunky jsou dédi¢né
Figure 2 | Models of tumour drug resistance. a | In the conventional model of tumour-cell diug rezistentnf, takze terapie ma mah’l efekt.

resistance, rare cells with genetic alterations that confer multidrug resistance (MDR) form a drug-
resistant clone (yelow). Folowing chematherapy, these cells survive and proliferate, forming a
recurrent tumour that is composad of offspring of the drug-resistant clone. b | Inthe cancer-stem-
cell model, drug resistance can be mediated by stem cells. In this model, tumours cortain a small
population of tumour stem cells (red) and their differentiated offspring, which are committed to a
particular ineage (blue). Following chemaotherapy, the committed cells are kiled, but the sterm cells,
which express drug trangporters, survive. These cells repopulate the tumour, resulting ina
heterogensous tumour composed of stem cells and committed but variably differentiated
offspring. ¢ | In the ‘acquired resistance’ sterm-cell model, the turnour stem cells (red), which
express drug transporters, sunive the therapy, whereas the committed but variably differentiated
cells are killed. Mutation(s) in the suriving tumour stemn cells (yellow) and their descendants
(purple) can arise by mechanisms such as point mutations, gene activation or gene amplification),
conferring a drug-resistant phenotype. As in model a, the stemn cellwith the aguired mutations
could be present in the population before therapy. d | In the 'intrinsic resistance’ model, both the
stem cells (yelow) and the variably differentiated cells (purple) are inherently drug resistant, so
therapies hawve little or no effect, resulting in turnour groeth.
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Determinanty dodani Iéku do cilového mista

Systemic
circulation

Circulation-tissue
— interface (for example,
blood-brain barrier)
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Determinanty plsobeni Iéku v cilovém misté

Removal Delivery
* Metabolism O = Absorption
* Elimination * Distribution

Other molecules
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biological context in
which drug-target
interactions occur

Other molecules
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drug interacts

Variability in the
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Neonkogenni a onkogenni Iékova rezistence
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Ficure 1 Nononcogenic and oncogenic drug resistance. Conven-
tionally, drug resistance 18 measured by a drug concentration that
inhibits cell growth and survival by a certain percent. For example,
ICs; 15 a concentration that causes 50% decrease in cell survival
(e.g. in drug-sensitive cells (red line). 1Cs, 15 1). In nononcogenic
(blue line) resistance, the dose-cytotoxicity curve is shifted to the
right. An 1Cs; is increased due to a failure of a drug to inhibit its
targel. In contrast, in oncogenic resistance, 1Cs; 15 normal but 1C4,
15 not achieved. The killing curve reaches a plateau, because a drug
(although normally interacts with its target) does not kill the cells




Dvé cesty prekonani lékoveé rezistence

drug target drug target drug target
Block of . U mock""

—|

ock ——
apoptoms

Figure 2 Two ways to overcome oncogenic resistance. (a)
Oncogeneic resistance. Inhibitors of apoptosis (block of apoptosis)
prevent cell death, even though anticancer drug engage its target
(e.g. microtubules, topoisomerases, DNA). (b) Targeting apoptotic
pathways downstream of the block. (¢) Inhibition of antiapoptotic
pathways (releaving a block of apoptosis) restores sensitivity to
anticancer drugs

Apoptosis




Antiangiogenni terapie
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Figure 6 Antiangiogenic therapy. (a) Targeting endothelial cells
causes a HIF-dependent response. Sensing hypoxia, cancer cells
stimulate angiogenesis. (b) A combination of antiangiogenic and
anti-HIF agents may cause profound anoxia and cancer cell death,
which could be further enhanced by anoxia-activated prodrugs

Cilena proti tvorbé novych cév v nadoru (proti endotelialnim
bunkam). Vyhodna kombinace antiangiogennich a antihypoxickych
latek posiluje smrt nadorovych bunék.



Cykloterapie

Kinase inhibitor

modulator
] | | _
normal cancer
cell cell
Reversal of
Growth apoptosis-
Cell arrest resistance

survival

% Cyclo-

therapeutic
agent

Figure 5 Cyclotherapy. Initially. a normal cell is apoptosis prone.
whereas a cancer cell is apoptosis reluctant and resistant to
cyclotherapeutic agent. A modulator such as a kinase inhibitor
reverses resistance of cancer cells (see Figure 2c¢). Simultaneously.
cells with normal cell cycle control are arrested by the same
modulator and therefore ‘escape’ a cyclotherapeutic agent

Modulaci pomoci inhibitord kindz se stava nadorova burika citliva
k apoptoze. Zaroven je normalni bunka zastavena v bunécném
cyklu a chranéna pred ucinky l€Civa.



Liposomy a genova terapie

(a) ﬁ@
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ligands and antibodies

Liposome vector Targeted liposome vector
for gene delivery for gene delivery

(b)

Cancer cells have
surface receptor
or antigens that
bind targeted
liposomes

Targeted liposomes can
deliver genes selectively

to cancer cells
Normal cells

lack such
surface _——
molecules

Figure 3. (a) Liposomes for gene therapy. (b) Targeting gene delivery via cellular receptors.

Liposomy jsou vyuzivany k cilenému dodani latky k nadorovym bunkam
(majicim prislusné povrchové receptory Ci antigeny).



Vyuziti LAK (lymphokine-activated killer) bunéek

v protinadorové terapii

HEALTHY

INTRAVENOUS
INFUSION OF
CELLS AND IL-2

CULTURED WITH
IL-2 FOR 3 DAYS

MOUSE WITH TUMOR

TAK CELLS (l}'mphokme—acu\. ated killer cells), which were first
described in 1980, are another experimental anticancer weap-
on. For study in mice (/eft), production begins with the removal
of the spleen from healthy animals (a). The lymphocytes in the
spleen are isolated (b) and cultured for three days with inter-
leukin-2 (IL-2) (c), a hormonelike product of Tcells. During that
time the interleukin-2 causes certain lymphocytes known as

LAK CELLS

LUNG TUMOR

MACHINE
ISOLATES
BLOOD RETURN LYMPHOCYTES
. FROM BLOOD
o

LYMPHOCYTES CULTURED
WITH IL-2 FOR 3 DAYS

null cells to become LAK cells (d), which can recognize and
attack a variety of cancers. In studies (¢) the LAK cells, together
with interleukin-2, are injected into tumor-bearing mice. For
study in humans (right), lymphocytes are isolated from the
bloodstream (a) and cultured with interlenkin-2 (b) to generate
LAK cells (c). When patients are treated (d), about 50 billien
LAK cells are infused intravenously along with interleukin-2.




TIL'S (tumor-infiltrating lymphocytes) vyzaduji vic
nez mésic pripravy pred aplikaci pacientiim

 MNe

a
SURGICAL
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TIL'S ONLY

DYING TUMOR CELL

TIL’S, which seem to be more potent than LAK cells, take a month or more to generate
for administration to patients. After a nodule of cancerous tissue is removed from a
patient (a), cells in the nodule are separated from one another by enzymes and then
cultured with interleuldn-2 (b). Under the influence of the interleukin-2, lymphocytes
scattered throughout the tumor—the TIL's (blue)—begin to proliferate rapidly and to
attack the cancer cells (c). After a total of 30 to 45 days, the lymphocytes in the cul-
ture complétely replace the tumor cells (d). Two-hundred billion of these replace-
- ment TIL’s are then infused into the patient along with additional interleukin-2 (e).




Uloha p53 v predikci odpovédi k chemoterapii

p53 je 53-kD jaderny fosfoprotein (393 aminokyselin) - funguje jako
transkripcni faktor

produkt 20-kb genu lokalizovaného na kratkém rameni lidského
chromosomu 17 - nadorove supresorovy gen

Hlavni fyziologické funkce:

« regulace bun. cyklu v kontrolnich bodech G1/S a G2/M
« indukce apoptdzy

« stabilizace genomu

p53 kontroluje odpovéd’ bunék na genotoxicky stres indukovany réiznymi
podnéty.

Ovliviuje rdst a viabilitu pres transkripcni aktivaci nebo represi rady genl
 p21 (zastava ristu)
» gadd-45 (reparace DNA),
» Bax



* bcl-2

* bcl-x

 cd95 (apoptoza)

- mdm2 (zpétnovazebna regulace aktivity p53).

Asi 60 % nadort obsahuje mutovany typ p53 - zvySena stabilita,
neaktivni

Ztrata divokého typu (wild-type) aktivity p53 je hlavnim
prediktorem absence odpovedi na
radioterapii a chemoterapii u rliznych typt nadord.

p53 zvysuje chemosenzitivitu podporou apoptozy na transkripci
nezavislymi nebo zavislymi mechanismy - aktivuje transkripci
proapotickych genll bax nebo suprimuje transkripci
antiapoptickych gent bcl-2.



Indukce smrti pres CD95(Fas, FasL) ligandovy systém miize
také zahrnovat cesty kontrolované p53.

p53 mize sniZzovat chemosenzitivitu podporou
a) zastavy rlstu zavislou nebo nezavislou na p21,
b) reparace DNA a diferenciace,
c) zvysovanim transkripce antiapoptickych gen( jako je bcl-x.

Ukazuje se, ze Ucinky zméeéneneho statusu p53 na
chemosenzitivitu zaviseji na bunécném kontextu.

Porucha funkce p53 u normalnich bunék muzZze spiSe zvySovat nez
snizovat chemosenzitivitu.

Transformované buriky, které maji wild-type p53 maji tendenci
stat se rezistentnimi.



Frekvence mutovaného p53 u riiznych typti nadort

TP53 mutation prevalence (as recorded in the IARC Database, R7)
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Figure 9.4 The Biology of Cancer (© Garland Science 2007)



U¢inky ionizujiciho zaFeni na normalni (A) a
nadoroveé bunky (B)

(A)
ionizing damage
radiation repaired
DNA
damage

induction of
p53 causes cell damage t00

cycle arrest ~ extensive
i to repair apoptoms

(B) o massive mitotic failure
ionizing and cell death
radiation cell division TUMOR

DNA with damaged REGRESSES
damage @chrnmusumes

tumor cell no cell Y CANCER
lacking pb3 cycle arrest

normal cell
dwlsmn

continued mutation, selection,
and tumor evolution

. Figure 23-43. Molecular Biology of the Cell, 4th Edition.



Prezivani u nadori s riiznym statusem p53
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Figure 9.5 The Biology of Cancer (© Garland Science 2007)



Cilové geny ptisobeni p53 a jejich funkce

Table 9.2 Examples of p53 target genes according to function The expression of genes in this table is induced by p53

unless otherwise indicated.

Class of genes Name of gene

MDM2/HDM2
p 21 Cip1
Siah-1
14-3-30
Reprimo
p53R2
XPE/DDB2
XPC

XPG
GADD45
DNA pol k
Regulators of apoptosis BAX
PUMA
NOXA
p53AIP1
Killer/DR5
PIDD
PERP
APAF1
NF-xB
Fas/APO1
PIG3
PTEN
Bcl-2
IGF-1R
IGFBP-3
TSP-1 (thrombospondin)

p53 antagonist
Growth arrest genes

DNA repair genes

Anti-angiogenic proteins

Function of gene product

induces p53 ubiquitylation

inhibitor of CDKs, DNA polymerase

aids B-catenin degradation

sequesters cyclin B-CDC2 in cytoplasm

G, arrest

ribonucleotide reductase—biosynthesis of DNA precursors
global NER

global NER

global NER, TCR

global NER ?

error-prone DNA polymerase

mitochondrial pore protein

BH3-only mitochondrial pore protein
BH3-only mitochondrial pore protein
dissipates mitochondrial membrane potential
cell surface death receptor

death domain protein

pro-apoptotic transmembrane protein
activator of caspase-9

transcription factor, mediator of TNF signaling
death receptor

mitochondrial oxidation/reduction control
reduces levels of the anti-apoptotic PIP,
(repression of) its expression

(repression of) its expression
IGF-1-sequestering protein

antagonist of angiogenesis

Table 9.2 The Biology of Cancer (© Garland Science 2007)



Vyuziti funkce p53 proteinu k selektivni likvidaci nadorovych
bunék pomoci geneticky modifikovaného viru

NORMAL p53

- DNA DAMAGED p53 CAUSES

SELF-DESTRUCTION

ABNORMAL p53

G DNA DAMAGED TUMOR CELLS
PROLIFERATE
VIRAL VECTOR TREATMENT TUMOR CELL

VIRUS INFECTS CELLS VIRUS REPRODUCES IN TUMOR CELLS DIE
TUMOR CELLS BUT NOT
IN HEALTHY ONES

IAN WORPOLE

P53 PROTEIN instructs a cell to kill itself if the DNA is damaged by, say, drugs or ra-

diation. But if p53 is abnormal, it may not stop a cell with bad DNA from replicating.

One way of treating tumor cells is through viruses genetically engineered so that they

reproduce in cells with abnormal p53 but not in healthy cells. In principle, the virus
. would move unchecked only through tumor cells, killing them.



Prediktivni markery
Proliferacni aktivita a nadorovy rdst

Rdst vyjadruje celkové zvyseni poctu bunék jako vysledek narlstu bunék
proliferacni aktivitou a ztraty bunék apoptdzou nebo nekrdzou.
Proliferacni aktivita je vysledkem prlchodu bunék bun. cyklem.

Mechanismus odpovedny za proliferacni aktivitu (P) je rychlost bunécného

cyklu, ktera je v inverznim vztahu ke generacni dobé (T) na jedné strané a
na druhé strané je ve vztahu k podilu bunék vstupuijicich do cyklu - rlstova
frakce (G).

Matematické vyjadreni vztahu je P = G/T
Vlysoka proliferacni aktivita je tak d@sledkem bud’ velké rlstové frakce nebo
kratké gener. doby nebo obojiho.

Cas zdvoieni (Td doubling time) nadoru (bez ztraty bunék) je definovan jako
Td =T (log 2/log (G+1)

Kratky Cas zdvojeni je tedy vysledkem bud’ kratkého bun. cyklu nebo vysoké
rlstové frakce nebo obojiho.



Proliferacni markery

-techniky inkorporace znacenych analogl nukleotid( do DNA 3H
tymidin (autoradiografie) nebo bromdeoxyuridin (BrdU, imunohistochemie),
markery bunék v S-fazi bun. cyklu, tj. syntetizujicich DNA.

Nevyhody: omezené pouziti in vivo, radioaktivita, dlouhé Casy pro
vyhodnoceni, subjektivni kriteria

-mitoticky index (MI) - nejstarsi metoda vyhodnocovani proliferace -
mikroskopické pocitani mitotickych figur na preparatech, do budoucna -
markery pro FCM.

Mitdzy vsak predstavuiji jen cast proliferujicich bunék a délka mitdzy je
variabilni zejména u aneuploidnich nadorg.
MI jen Castecne koreluje s dalsimi markery proliferace

-procento bunek v S-fazi - flow cytometrie - fluorescencni barveni DNA -
mereni fluorescence v suspenzi bunék image
(static) cytometry - absorpcni barveni (Feulgenova reakce) - méreni bunék
na sklicku



Histogramy vyjadrujici obsah DNA — ploidita, vyhodnocovani % bunéek
v jednotlivych fazich bun. cyklu - pocitacoveé programy

SPF - S-phase fraction - celkem koreluje s dalSimi markery (napr. MI
nebo Ki67)

simunohistochemické stanoveni antigenli spojenych s proliferaci

PCNA - proliferating cell nuclear antigen - zvySena exprese u
proliferujicich bunék - koreluje s ostatnimi markery, ale ne vzdy. Neprilis
vhodny u nadord, zvyseny i pfi reparaci DNA.

Ki67 - kodovany genem na chrom. 10 je exprimovan v G1, S a G2 fazi u
proliferujicich bunék - Castecné koreluje s dalSimi markery.

DNA topoizomeraza II - exprese se rychle zvysSuje pri prechodu S a G2 a
snizuje se na konci mitozy.

Organizatory jaderka (NORs) - segmenty DNA spojené s jadérky, které
obsahuji geny koduijici ribozomalni DNA. Prispivaji k regulaci syntézy
proteind. Jsou vizualizovany barvenim stfibrem - metoda AgNOR.
Koreluje s SPF, Ki67 a MI



Markery bunécné smrti

AI - apopticky index

Metody detekce apoptdzy: morfologické hodnoceni - svételna a
fluorescencni mikroskopie,

flow cytometrie (subdiploidni pik bun. cyklu, annexin V, TUNEL)

Dalsi markery:

Molekuly na bunécném povrchu:

proliferace: CD71 - receptor pro transferin, receptory pro specifické
rlstové faktory

apoptdza: CD95 (Fas)

Zmeény protoonkogent a nadorové supresorovych gent - fosforylace RB
proteinu, p53 (wild type, mutace), antiapopticky bcl-2 a proapoticky bax
Zmeny cytoskeletonu

Markery neproliferujicich a klidovych bunék: statin




Dllezité:

-Otazka interpretace a klinické vyuzitelnosti jednotlivych markerd
-Standardizace metod a hodnoceni mezi laboratoremi

Problematika heterogenity nadorl

-Statické vs. dynamické stanoveni parametr(, casovy rozvoj
*Exprese a zmény rlznych onkogent mohou podmirovat téz citlivost
nadorovych bunék k chemo- a radioterapii

«Postizeni vzajemnych vztahl jednotlivych markerl

Predikce odpovédi na 1écbu



Srovnavaci genomova hybridizace a expresni
microarray analyza

Zakladni komponenta je fluorescencni pomérna hybridizace
Tumor RNA/DNA

Ref RNA/DNA
cot-1 DNA

Clones,oligos CC@®@@0000 DDDDGDDDDDD

Chromosomes — - I

Decreased Increased
gene copy gene copy

In these processes, two nucleic acid samples to be compared are differentially
labeled with reagents that fluoresce at different wavelengths. They are then
hybridized along with excess, unlabeled repeat rich DNA, to the representation
of the genome onto which information is to be mapped. In CGH, the
representation may be either metaphase chromosomes or arrays of cloned
probes. In expression microarray analysis, the representation may be arrays of
cDNA clones or oligonucleotides.



Fluorescencni mikrofotografie z vysledkii CGH analyzy
lidské linie z nadoru prsu MCF?7

CF7 DNA was labeled
green and normal
reference DNA was
labeled red.

The chromosomes were
counterstained with DAPI.

Thus, regions of weak
hybridization appear blue,
regions of increased copy
number appear green and
regions of decreased copy
number appear red.




CGH analyza pokrocilého nadoru prsu
I

Gains

3

Losses

- Tumor genome >

The data are arranged along the x-axis with chromosome 20pter to
the left and chromosome 22qter to the right. The green:red CGH
ratio is plotted along the p~axis. The gray band indicates the region
of normal variability. Thus, values above the band show significant
increases in copy number and values below the band show
significant decreases in copy number.




Hodnoceni dat — vicerozmérné analyzy

Priinik metod molekularni biologie do onkologické diagnostiky
vyzaduje zpracovani multiparametrickych (vicerozmérnych)
soubor( dat.

Bioinformatika — data z ,array" analyz (DNA, proteiny),
lipidomicka data

Vyuziti multivariacnich analyz pro predikce - analyza zakladnich
(principal) component a diskriminacni analyza.

Biomarkery, ,surrogate biomarkers" — ,,nahradni* biomarkery

Patfi mezi ne:
- dllezité genetické a cytogenetické markery,
« exprese vyznamnych regulacnich gend,
« aktivity enzymd,




O

« cytokinetické parametry,
- parametry angiogeneze, atd.

VlySetreni na chemorezistenci v testech /n vitro (MTT test) a
souvisejici znaky (exprese MRP, PGP).

Doplnuji standardni klinicka vysetreni a nespecifickeé ukazatele
imunologického a fyziologického stavu pacienta.

Je nutné vytvorit system hodnoceni takovychto dat s cilem urcit
jejich prognosticky vyznam a zajistit zpétnou vazbu lékare

k témto hodnocenym datim — individualizace |é¢by — prospéch
pro pacienta
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