Celkova umrtnost na rakovinu v USA podle typu
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Figure 1 | Colorectal cancer incidence in males in the
European Union. Rates of colorectal cancer by incidence, per
100,000 people, and mortality during 1996. Data were
collected from Eucan — a service that provides data on the
incidence and mortality of 24 key cancers in 15 member states

of the European Union?.
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Vyskyt kolorektalnich nadoru .
(per 100 000 obyvatel; 1988-1992)

Country Male Female
Croatia 17.0 17.7
CzechRepublic 31.7 25.0
Denmark 31.5 324
Finland 15.7 18.6
GDR 20.1 24.7
Latvia 13.4 14.7
Sweden 28.6 28.2
UK, Engl.&Wales 27.9 26.9
USA 39.9 29.9

Umrtnost na kolorektdlni nadory
(per 100 000 obyvatel; 1987-1988)

Country Male Female
Australia 26.1 14.2
CzechRepublic 294 16.4
Denmark 23.6 17.5
Finland 11.9 8.7
GDR 20.1 15.2
Canada 18.1 12.9
Sweden 14.7 11.2
UK, Engl.&Wales 20.2 14.2
USA 17.2 12.0




STREVNI EPITEL

Sebeobnovna tkan s unikatni topologii — dvourozmérna struktura:
Proliferativni krypty a diferencované klky (villi). Jednovrstevna bariera mezi
lumen a vnitfnim prosttedim.
TENKE STREVO — krypty — dolni &ast — kmenové a Panethovy buiiky,
proliferujici ,,transit-amplifying* diferencujici se bunky postupuji k vrcholu, klky
z diferencovanych bunék na vrcholu se odlupujicich.

TLUSTE STREVO — nejsou klky, na dn& krypt kmenové buriky (nejsou zde P.
bunky), 2/3 krypty proliferujici buriky, 1/3 diferencované b. na konci se odlupuji
do lumenu (apoptdza — anoikis).

2 hlavni linie bunék:
Enterocyty — absorbtivni linie, nejpocCetnéjsi

Sekrecni linie: goblet buniky (sekretuji protektivni muciny — pfibyvaji smérem ke
kolonu)

Enteroendokrinni bunky (asi 1%, sekretuji hormony — serotonin, sekretin)
Panethovy bunky — jen v t. stifevé — sekretuji antimikrobialni latky — kontrola
mikrob. obsahu ve stievé.

Aktivni migrace bunék doprovazena diferenciaci a odlupovanim do lumenu

3-5 dni
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Fig. 1. The anatomy of the small intestinal epithelium. The epithelium is shaped into crypts and villi (left).
The lineage scheme (right) depicts the stem cell, the transit-amplifying cells, and the two differentiated
branches. The right branch constitutes the enterocyte lineage; the left is the secretory lineage. Relative
positions along the crypt-villus axis correspond to the schematic graph of the crypt in the center.




Obnova stievni vystelky
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Figure 19-1. Molecular Biology of the Cell, 4th Edition.

Kazda tkan je organizovanym seskupenim bunék drzenych pohromadé buné¢nymi adhezemi, ECM nebo obé€ma.
Tkang jsou spojeny dohromady v riiznych kombinacich a tvoii funk¢ni jednotky - organy




NADORY KOLOREKTA (CRC)

Vyskyt

industrializované zemé¢ (zivotni styl, vyziva)

CR (tfeti nejcast&j3i pi¢ina tmrti na rakovinu)

vékova distribuce (muzi nartst ptipada od 60 let; Zeny od 70 let)
Epitel kolorekta

sttevni krypty (Cast proliferacni a diferenciacni)

vymeéna epitelu (zrani bunék, odumirani apoptozou-anoikis
(detachment-induced apoptosis)

koncentrace rustovych faktort v kryptach (v proliferacni ¢asti vice
bunék produkujicich GF)

Kolorektalni karcinogeneze

poruSeni rovnovahy mezi proliferaci a diferenciaci v krypté
hyperproliferativni krypta, adenom, adenokarcinom, karcinom,
metastazy




a Incidence rates of colorectal cancer
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b Estimated red-meat consumption (grammes/day)
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Figure 5 | Colorectal cancer incidence and red-meat consumption worldwide in men.

a [ Countries with a high incidence of colon cancer (cases per 100,000 people) are indicated with
blue (North America, Australia); countries with moderate levels in pink or red; and countries with
low incidence in green (Asia, Africa). Colon cancer incidence is correlated with red-meat intake.

b | Countries that consume the most red meat, in g/day, are indicated in blue (North and South
America, Australia); countries with moderate levels of consumption in pink or red; and countries
with the lowest levels of red-meat intake in green (Africa, Asia). Figure adapted with permission
from Ref. 1 © (2003) IARC Press.
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Podélny rez kryptou tenkého streva
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Fig. 5. Diagram showing a longitudinal section through a small
intestinal crypt illustrating how the cell positions are numbered
from the base. The diagram shows a typical distribution for the
DNA synthesising (S-phase) cells in the crypt (shaded nuclei).
An actual set of experimental data are illustrated (left) together
with a labelling index frequency plot where labelling index as a
percentage is plotted against cell position. This approach can be
used to measure any parameter associated with crypt cells in-
cluding the distribution of dead or dying apoptotic cells. These
cell positional distributions are commonly presented with the
frequency plotted on the vertical scale and cell position plotted
on the horizontal scale with the base of the crypt on the left.




Strevni krypta a profil ristovych faktoru
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Fig. 2. Comparison of normal epithelium and adenomas in murine small
intestine and colon. (A) Small intestinal crypt and villus. (B) Colonic
crypt and surface epithelium. Proliferative cells are stained for the cell
cycle marker Ki67 (brown nuclei) in (A) and (B). (C) An adenoma
residing inside a villus of the small intestine of a min mouse. (D) A small

Adenoma in small intestine Aberrant crypt focus in colon

aberrant crypt focus in the colon of a min mouse. (C) and (D) are
stained for [~catenin. Note the presence of fi-catenin (in brown) in the
cell boundaries of all nondiseased epithelial cells and the accumulation
of B-catenin throughout the cells in the adenoma and aberrant crypt
focus.
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BIRTH OF AN EPITHELIAL CANCER

EPmHELILM
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PROLIFERATION.

Aninitial mutation in a single cell (highlighted] disrupts
signal transduction or the cell oycle, and the errant call
divides maore frequently than its neighbors. The changed
cell and its descendants constitute dysplasia, a pre-
cangerous growth whose cells are still differentiated and
confined to the bottom cell lagper

Time passes.

& second mutation oceurs in an already affacted cell,
usherirg in sweepirg changes in gene expression

that modify metabolism, growth cherscteristics, end
cell shape, a3 adhezion gnd snchorage slip. The daubly
mutant cell and (ts descendants are slightly less
specialized than their neighbors.

Further escape from growth censtraints, coused by o
third miutation, perturks the cell eyele in a differem
wiy, allowirg rapid expansion of the growth. As mitotic
achivity jumps, specializations cantinue to fade away
as mew cells farm, Thelr nuclel appear enlerged and
misshapen, reflacting the chass waithin

With still more mutations, the increasingly aggressive
growth is now & misshapen, i still microscopic, mass.
Yot it remiains contained within the epitheliom bourded
by the basemant membrane, The tiny tumar may
remein hiere, as in situ carcinoma, for years, The
abnarmal cells mow occugy all cell levels, and all are
de-differentiated to some degree.

Thet Scpeiriiae
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INVASION,

As the dividing cancer cells extend thraugh the base-
mant membrane inte the surrcunding stroma, malig:
nancy begins. The tumor and strema communicate,
a3 the cancer locally takes over. Meariwhile, cancer
cells secrote fibroblast prowth factor and vascular
endothelal growth facter, which subvert normat
angiogeneils to recrull capillaries, which 4nake in and
around the tumer

Some carer cells creep along the associated bload
vesiels: others squeoeze batwern the lining cells to
onter the circulation,

Speoad beging,

METATASIS.

Supplied with nutrients, oxygen, 5 waste remowe! sery-
ice and conduits, ferncious cancer cells exit and home
to lymph nodes and more distant sites, the trajectory
characteristic of tumor type: kidney or breast to lung;
prostate: to bome, Here, further mutations and
changes in gene expression ensue, often rendering the
onginal tumor’s offspring so differant that treatments
that once worked now fall,

Tlor Sederiist | 33




Kolorektalni nadory vznikaji progresivni akumulaci genetickych a
epigenetickych zmén vedoucich k transformaci normalniho stirevniho epitelu
do adenokarcinomu.

Molekularni mechanismy kontrolujici homeostazu jsou teréem zmén podilejicich
se na vzniku nadort.

Molekularné genetické poznatky

» Mnohastupriova progrese na molekularni i morfologické Grovni.

» Genetické (mutacni aktivace onkogent a inaktivace nadoroveé supresorovych
gentl) a epigenetické zmeény (metylace) podporuji tvorbu nadoru poskytujice
klonalni ristovou vyhodu zménénym bunkam.

» Klicovym molekularnim krokem je ztrata genomove stability.

» Dé&dicné nadorové syndromy casto odpovidaji formam klicovych genetickych
defektu u zarodecCnych linii, jejichZ somaticky vyskyt nastartuje sporadickeé
nadory kolonu.

Ztrata genomove stability je kliCovym molekularnim a patogenetickym krokem
vyskytujicim se na po€atku nadoroveého procesu a vytvari permisivni prostiedi pro
vyskyt zmén onkogent a nadoroveé supresorovych gend.

3 hlavni formy:

» Nestabilita mikrosatelittu (MSI)

» Nestabilita chromozomiu (CIN) - zisk ¢i ztrata useki chromozdémi, aneuploidie)
» Chromozomalni translokace




Deédicné poruchy predisponujici jedince k nadorum
autozomalné dominantni typ dédi¢nosti

» polypozni formy (familiarni adenomatdzni polypoza -
FAP) asi 1%

mutace APC (adenomatous polyposis coli) genu

tisice adenomatoznich polypu ve stieve — riziko vzniku nadoru
temer 100%.

APC gen

» nepolypozni formy (heredit. nepolyp. kolorektalni

karcinom — HNPCC), Lynch syndrom

asi 15%, zvySené riziko dalSich typu nddort, mutace genu pro
MMR enzymy (mismatch DNA repair), mnozstvi mutaci v
repetitivnich sekvencich DNA - mikrosatelitech




Stadia vyvoje nadoru epitelu délozniho kréku
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Figure 23-8 part 2 of 2. Molecular Biology of the Cell, 4th Edition.
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Figure 1 | A global view of the genetic contribution to colorectal cancer. The highly penetrant causative mutations in
familial adenomatous polyposis (FAF), Lynch syndrome, the hamartomatous polyposis syndromes and other familial
conditions underlie cases of colorectal cancer (CRC) that have a strong hereditary component, with little environmental
influence. However, there are also several low-penetrance mutations that contribute to CRC susceptibility in an additive way,
involving interactions between genes and with environmental factors. As well as accounting for cases of hereditary CRC,
these mutations are also likely to contribute to cases of CRC that are classified as ‘sporadic’. In addition, atthough none has
been identified so far, modifier genes are also likely to influsnce the effects of genstic and envircnmental factors that
contribute to CRC. Therefare, the distinction between *sporadic’ and “familial’ cases and betwesn ‘genetic’ and
‘ervironmental’ predisposing factors has become blurred and might be better thought of as a continuum of risks contributing
to CRC development. AFC, adenomatous polyposis coli; BLM, Bloom syndrome; MMBE, mismatch repair; TGFERZ,

transforming growth factor-p receptor 2




Table 1 | Heritability of selected cancers

Cancer type

Testicular
Thyroid
Laryngeal

Multiple myeloma

Lung
Colorectal
Kidney
Prostate
Melanoma

Breast

Study 1 family
risk ratios™

8.57
8.48
8.00
4.29
2.55
2.54
2.46
2.21
2.10
1.83

Study 2 family
risk ratios*®

8.50
12.42
ND
5.62
3.16
4.41
5.26
9.41
3.41
2.01

Proportion of variance
due to heritable factors#

ND
ND
ND
ND
0.26
0.35
ND
0.42
ND
0.27

“The ratios shown here were in part recalculated by Risch”. Study 1 was carried out in Utah™®.
Ratios are based on all first-degree relatives; first-degree relatives of 35,228 probands with cancer
were studied. Study 2 was carried out in Sweden™. Ratios are based on siblings; data comprised
from 435,000 parents with cancer who had 5,520, 756 offspring, 71,424 of whom had cancer.
tBased on a twin study comprising 44,788 pairs'™’. ND, not determined.




Sporadicka forma nadoru kolonu — nedédicna, postupny
vyvoj fadu let

Na vzniku se podili rovné€z vn¢jsi faktory (dieta, Zivotni
styl)

Pozitivni korelace — spotreba tuku, Cerveného masa,
alkohol, koureni

Negativni korelace — zelenina, ovoce, vlaknina, NSAIDs

Rodinny vyskyt ,,sporadického* kolorektalniho
karcinomu — kombinace genetickych predispozic se

zevnimi faktory
Potreba pravidelnych vysetreni od urcitého véku (okultni
krev, sigmoidoskopie, kolonoskopie)




Funkce APC (adenomatous polyposis coli) proteinu

300kD cytoplasmaticky protein kddovany APC genem — Casto
mutovany v prvotnich stadiich CRC (u adenomu)

APC interaguje s fadou bun. proteinti a drah a prispiva tak k regulaci
diferenciace, migrace, proliferace a adheze. Jeho mutace tak
ovliviiyje vSechny tyto procesy.

» Regulace signalu indukovaného beta-kateninem (regulace Wnt
drahy)

» Regulace bunécné adheze prostrednictvim beta-kateninu a E-
kadherinu

» Regulace migrace bunék interakcemi s mikrotubuly a F-aktinem
» Blok bunécéného cyklu ziejmé primou inhibici jeho komponent




Truncation of APC
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Figure 1| Truncation mutations in APC affect cytoskeletal
organization and the deregulation of g-catenin

The resulting cytoskeletal changes lead to detects in cell migration and
compromised mitotic spindles. This causes the inappropriate accumu-
lation of tissue and also leads to aneuploidy. Derequlation of g-catenin
leads to detects in ditferentiation and gene expression, causing trans-
tormation. Elevated levels of g-catenin in cells leads to a reduction in
the ability of APC to bind microtubules and performn its function as a
cytoskeletal requlator. This could contribute indirectly to defects in cell
migration and chromosome segregation.
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Geny zahrnuté v kolorektalni karcinogenezi

o Onkogeny (ras, c-myc, c-myb, hst-1, trk, c-raf, c-src, c- myb, Her2-neu)

 Proteiny H-ras, K-ras, N-ras aktivované ptes receptory spojené s G
proteiny a s tyrosin kinazami — aktivace drah kinaz RAF, MEF, MAPK —
piechod adenom - karcinom

* Nadorové supresorové geny

p53 — mutace Ci delece u 70-80% nadoru, poruchy apoptozy,

APC — delece ¢1 mutace, brzky dé€j u adenomu 80%. spojené s deregulaci signalni

drahy Wnt a chromosomalni nestabilitou. Chyby spojeni mikrotubulu a
kinetochoru — abnormalni segregace chromosomu - polyploidie

DCC — deletovany gen u 70-80% nadort, uloha v zastavé G2/M a apoptdze

e Geny reparace DNA — MMR mismatch repair (hMSH2, hMLH]1)




Geneticky model kolorektalni karcinogeneze
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Genetické zmény spojené s kolorektalni karcinogenezi

[chromosome;  Sq 12p 189 o1

| alteration | LOF GOF LOF LOF

[_ genes  APC
Dﬂ
)

'% -
TNMER G “@,
(sleLelelefeLe]elele, i'l-I!]:lf {ll"l Al
Normal Hyperproliferative Farly Intermediate Late
epithelium epithelium adenoma adenoma adenoma Carcinoma Metastasis

MMR genes:

hMSH2
hMSH3
hMSH6
hMLH!
hPMS1
hPMS2

Fig. 1. Genetic changes associated with colorectal tumorigenesis. This process is accelerated by MMR deficiency
(see text for details). Abbreviations: LOF, loss of function; GOF, gain of function; MMR, mismatch repair.
Reproduced from Kinzler & Vogelstein (2) with modifications.




The Chromosomal Instability Pathway

Other genetic errors, Bub1, hCDC4

e

Chromosomal instability .
Aneuploidy, LOH Adenoma/carcinoma transition

APC ___, ?TCF/LEF1 —, TSurvivin ___, p53ilOH ___,

mutation  gene T c-Myc
transcription T Cyclin D1 /

Ras mutations

Inflammation

Progressive loss of apoptosis

Fig. 2. The chromosomal instability pathway to colorectal cancer.




Mitogenni signal prenaseny Ras proteiny

Mitogenic signals

Ras
DNA damage
\ﬁycfin D/CDk —— p16'™®
Rb——E1A
E:F/Myc
Bcl-2 — Nur77 L
NF-xB «— IKKo €— AKT p14* ¢ Puna
53 Mdm2 &~ o
R A—— — PTEN 4—— p53 Bax
Caspase 9 L l b
Fas
Bad PI- Mdm2
frmm——— e |

Anti-apoptosis Pro-apoptosis

Fig. 3. Mitogenic signals are transduced by Ras which inhibits the retinoblastoma (Rb) protein allowing E?F and Myc to promote cell evele progression.
plfrrmj'“ 15 a tumour suppressor whose mutation permits cychin D dependent kinase (CDK) to mhibit Eb. High levels of E2F or Myc activates plff:ri FF and
thereby p53 which has multiple outputs. A series of proapoptotic bel-2 family members are stimulated and via PTEN the antiapoptotic actions of AKT are

inhibited. Note that p33 can still respond to DNA damage. and therefore chemotherapy, if the Ras/Rb pathway 1s disabled.




Interakce bunék kolonovych krypt s latkami vznikajicimi v
krvi nebo v lumenu

» Mutace APC (adenomatous polyposis coli gene) v kmenovych
bunikach jako vysledek ptusobeni latek z krve nebo zarodecné
mutace, produkuje abnormality v bunécné proliferaci, migraci
a adhezi

P Abnormalni buriky se akumuluji na vrcholu krypt, tvoii se
aberantni fokusy krypt (ACF), které vycnivaji do proudu
stolice

P Zvysuje se pravdépodobnost dal$ich mutaci kontaktem
proliferujicich bunék s fekalnimi mutageny a adenomy se
tvori postupnou klonalni expanzi




Epigenetické zmény

Hypo- nebo hypermetylace promotoru
Hypometylace — obecny a rany déj — odpovédna napft. za overexpresi k-ras
Hypermetylace — inaktivace nad. supresorovych gent

Deregulace rustovych faktoru

TGF beta — negativni rustovych faktor epitelialnich bunék — zastava v G1 fazi,
receptor I a II signalovani pfes SMAD proteiny

Inaktivani mutace signalni drahy — poruchy apoptézy- progrese adenom-
karcinom.

Zanétlivé onemocnéni stireva (IBD)

Nadory Casto vznikaji v prostiedi zanétu

Produkce prozanétlivych cytokinti — TNF alfa, IL-1, -6, -8, ROS, prostaglandiny
— podpora, poSkozeni DNA, angiogeneze, inhibice apoptdzy a invaze.

Uloha transkripéniho faktoru NF kB




Faktory vnéjSiho prostredi

» Vyziva

- celkovy kaloricky prijem a frekvence pfijmu potravy

- obsah a kvalita tuku v potraveé (pusobeni zluCovych kyselin, obsah
a kvalita nasycenych a nenasycenych tuku, lipidova peroxidace,
zvySena tvorba prostaglandini)

- ochranny vliv vlakniny (vazba karcinogenu, zkraceni doby
tranzitu stfevem, snizeni pH)

- vitaminy a dal$i mikrokomponenty Zivin (vit. A, C a E a selen jsou
antioxidanty)

- konzumace alkoholu a kavy

koureni (hlavné doutniky a dymky)

- potravinové mutageny (zejmeéna heterocyklické aminy ve vareném
a peCeném mase a tucich)

- konzumace masa a vajec (vyssi konzumace je rizikova — veprove,
hovézi, jehnéci)




» Fyzicka aktivita
nedostatek je rizikovym faktorem
piredpoklad modifikace diety s vysokym obsahem tuku

» Profesionalni faktory
profese zdrojem latek zvySujicich riziko nadort kolorekta (zeyména

kovoprumysl, automobilovy a dievarsky prumysl)

» Vek (zvySeny vyskyt s vékem)
» Neefektivni imunitni systém

Chemoprevence
nesteroidni protizanétlivé I€ky (NSADs); antioxidanty; vapnik; selen ; folat

MASTNE KYSELINY S KRATKYM RETEZCEM (SCFA)
» C2-5 organické mastné kyseliny (acetat, propionat, butyrat)
» vznikaji bakterialni fermentaci vlakniny a ucastni se regulace funkci a

cytokinetiky v kolonu
» butyrat slouzi jako zdroj energie pro normalni epitelialni bunky a indukuje

diferenciaci a apoptdzu nadorovych bunék stieva




CYTOKINY

Dulezité endogenni faktory ovliviujici kolorektalni karcinogenezi
TNF-family (TNF-a, Fas ligand, TRAIL — TNF relating apoptosis
inducing factor)

TGF-family (TGF-j)

EGF — epidermalni rustovy faktor

Tumour necrosis factor-alpha (TNF- a), interleukiny

» multifunk¢ni cytokin

» jeden z hlavnich medidtort zanétu

» TNF- a je produkovan makrofagy a dalSimi bunikami imunitnihp
systému

» koncentrace TNF- o v kolonu je zvySena béhem chronického
zanétu (ulcerativni kolitida nebo Crohnova choroba)

» uloha v nadorové kachexii

» cxistuje interakce mezi cytokiny a dietetickymi faktory — mastné
kyseliny a eikosanoidy




Prenos signalu cytokina rodiny TGF beta

—3> target gene

Figure 1. Mechanism ol Signaling by TGFpP superfamily members. Binding of TGFP superfamily ligands results in activation ol a
heteromeric receplor complex comprised ol type I and type 11 receplors. The activated receptor complex then phosphorylates specilic
R-Smads. These R-Smads associate with the common Smad. Smad4 and then translocate to the nucleus where they mteract with a
variety of DNA binding partners to regulate gene expression.




Model signalii drahy Wnt

Normalni stav R o Podpora karcinogeneze
Fzd ‘
LRP :
;
Ubiguitin-dependent t Muclear translocation
degration i
: —> gene

Figure 2. A model of Wnt signaling. In the absence of Walt
ligand (left panel) APC, Axin and GSK3 form a complex that
results m P-catenin phosphorylation and degradation. Binding
of Wnt to the Frezled receptors (right panel) results
stabilization of f-catenin that then accummulates in the nucleus
where 11 associates with LEFI/TCF transcription factors to
regulate gene expression.




Wnt Signalling

EMP Signalling B &\ Notch Signailing
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Fig. 3. Wnt, BMP, and Notch pathways control target gene transcription.
(Left) Wnt-responsive cells carry a receptor complex consiting of a
frizzled seven-transmembrane receptor (Fz) and Lrp5 or Lrp6. In the
absence of secreted Wnt factor (left), the destruction complex (APC,
axin, and the kinases CK1 and GSK3 B) induces degradation of
cytoplasmic B-catenin. Tcf complexed to corepressors such as groucho
represses specific Wnt target genes. Receptor engagement (right) blocks
the destruction complex; p-catenin accumulates and binds to Tcf in the
nucleus to activate transcription of Wnt target genes. (Center) Type |

and type Il BMP receptors are not complexed in the absence of signal.
Secreted BMP factors bring the two receptors together, ultimately
leading to the phosphorylation of R-SMADs, their association with co-
SMAD, translocation to the nucleus, and subsequent activation of BMP
target genes in the nucleus. (Right) When Notch receptor meets its cell-
bound ligand (jagged or delta), sequential proteolytic steps lead to the
release of its intracellular domain rzNIC[}I], which travels to the nucleus,
where it complexes with the transcription factor CSL to activate Notch
target gene transcription.
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Malignant
progression

proteins '—L] r\"\

Fas ligand Resistance to chemotherapy

Fas (CD95) Induces apoptosis resistance
E-cadherin Enhances adhesion & metastasis
Tumor growth factor-a Activates EGFR

IGFBP-3 Promotes survival

Figure 1. Cleavage of cell-surface proteins other than the ECM
components is crucial for MMP-mediated CRC tumorigenesis.




Mechanismy pusobeni vysoce nenasycenych mastnych kyselin (PUFAs)
zahrnuté v kolorektalni karcinogenezi

METABOLISMUS KYSELINY ARACHIDONOVE (AA)

COX-2
u kolorektalnich karcinomi je zvySena exprese COX-2 a mnozstvi PGE2
PGE?2 stimuluje rast a inhibuje apopt6zu nadorovych bunék
PGE2 puisobi prozanétlivé a reguluje funkce imunitnich bunék (imunosuprese)
nesteroidni antiflogistika (NSAIDs) snizuji riziko kolorektalnich nadoru a zanét
inhibici COX-2
LOX (5-, 12, -15)
u kolorektalnich karcinomu zvySena produkce 12- a 15- HPETE
Ovlivnéni cytokinetiky, adhezivity a invazivity
Zmény genové exprese - aktivace specifickych transkripcnich faktort
(PPAR, NF«kB, AP1)
U¢inky lipidové peroxidace (LP)
Produkty LP mohou mit genotoxické u¢inky a mohou ovliviiovat bunécny
cyklus.
Béhem LP jsou produkovany reaktivni kyslikové radikaly (ROS)
ROS mohou aktivovat NF-kB




Drahy premény kyseliny arachidonové v prostaglandiny
Uloha COX-1 a COX-2

Phospholipids Dietary Polyunsaturated
Fatty Acids (DHA, EPA)
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Draha 5-lipoxygendzy — vznik leukotrienu
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COX-2 1 5-LPO stimuluji bunénou proliferaci, inhibuyi
apoptozu a indukuji neoangiogenezi

Cancer cell

proliferation COX-2 5-L0
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Apoptosis
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1 l cytokines, growth factors

tumor promolers

Platelets COX-2

Endothelium( _ COX-1 — "L inaadt Stromal
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Figure 1. COX i1soforms include constitutive COX-1 which 1s
involved in normal tissue homeostasis and inducible COX-2
which 1s upregulated at sites of inflammation and in colorectal
neoplasms. NSAID inhibit both COX isoforms, whereas COX-
2 inhibitors are selective for the COX-2 enzyme. TxA, = -
thromboxane.




COX-2 je nadmérné exprimovana u 40-90% kolorektalnich
adenomil a u 90% adenokarcinomu

Fig. 2 COX-2 expression in tumoral cells and superficial mmtersti-
tial cells (arrows) mm a well differentiated colon adenocarcinoma.
Immunohistochemistry, =200




Table 1. COX2 expression in malignant or premalignant

human tumours

Premalignant or malignant lesion
Colorectal

Gastric

Cesophageal

Hepatocellular (iver cirrhosis)
Pancraatic

Head and neck

Mon-small-cell lung cancer

Breast (ductal carcinoma-in-situ)
Prostatic

Bladder

Cearvix

Endometrial

Cutaneous basal cell

Cutaneous sguamous cell

PPMET

Glioblastoma multiforme
Anaplastic astrocytoma (low grads)

COX2 expression (%)
80-80
80

80
100

71-74
44 (30)

Referances available at httpe/dmage. thelancet.comsextras/03onc200weab . pdf




Nékteré inhibitory COX-1 a COX-2 (NSAIDs)

TABLE 1.

Structural class

Members

COX-1- nonselective

COX-2 selective

alkanones
anthranilic acids
arylpropionic acids
diarylheterocycles

di-tert-butyl phenols

enolic acids

heteroaryl acetic acids

indole and indene acetic acids

para-aminophenol derivatives
salicylic acid derivatives

sulfanilides

nabumetone

meclofenamic acid, mefenamic acid

ibuprofen, flurbiprofen, ketoprofen, naproxen,
SCHE0

piroxicam, tenoxicam, phenylbutazone
diclofenac, ketorolac, tolmetin
indomethacin, sulindac

acetaminophen
aspirin, diflunisal, sulfasalazine

meclofenamate esters and amides

celecoxib, etoricoxib, parecoxib,
rofecoxib, valdecoxib

darbufelone

meloxicam

lumiracoxib

etodolac, indomethacin amides
(and esters)

o-(acetoxyphenyl)hept-2-ymyl sulfide
(APHS)

nimesulide, flosulide




A
Increasing
COX-1

selechivity
selectivity

Increasing
COX-2

¥

L] (R

U2 oJdigIng

uzjordns

uzjosdolay

UIDBYIaLIOpU

urndse

uszosde

(HUER T Eeh]

ua]oldnagt

atof dure

uajoudona]

oendsoz

T iU

ae]ADI[es Wrpos
Estunp

o TEoatd

eddrmouc]
SJEURLE]C[DB
SEpUIINS

JBU3JOTITR

qIEC0a]aD

SpInEsLIIL

LU D10 S
JB[OpoYe
QUEODIP[EA
qQIX0ITI03R
qrE00a]ol
QIO OBIILLIN]

— i — g} e =t u

(1/2-x%00 "onps Bop) 301




Schematické drahy nékterych funkCnich efektt inhibice COX-1 a COX-2

COxX-2.
selective

inhibition
COoxX.2

inhibition
COX-1

upper Gl tract
blood vessels

decreased
decreased
mucasal T e
defence nlatelets ) e
) kitney production
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/ / a |unatl (fluid/salt
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increased ulcers 'HCTEEJ:SEQ ‘ decreased
apoptosis Tehs |
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/ leukotriena GFR & Na
production reabsorptio
decreased fumaour
growth /

anti-thrambaotic

broncho- edema; increased

constriction blocd pressure




TABLE 2.

COX-2-selective agents compared to traditional NSAIDs

Therapeutic indication

inflammation equi-effective
pain (arthritic, inflammatory, surgical) equi-effective

Other beneficial effects

Alzheimer’s disease NSAID benefit shown from epidemiology but no current evidence for
effectiveness of COX-2 selectives
Cancer Both groups reduce development of colon cancer and possibly

esophageal cancer; both groups effective in animal models of
cancers in lung and pancreas

Side effect
Asthma no evidence for COX-2- selectives causing asthma attacks in NSAID-
sensitive individuals

gastrointestinal toxicity, minor such as dyspepsia, similar effects

diarrhoea
gastrointestinal toxicity, major such as COX-2- selectives produce less than NSAIDs

perforations, obstructions and bleeds
reproduction both groups may delay ovulation, implantation, and preterm labor
thrombosis some suggestion that COX-2- selectives may increase thrombotic

events at supratherapeutic doses




Phospholipase A2 ——» FPhospholipids
Arachidonic acid
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PGG2 coxibs

Peroxidase ——» |
PGH2
Isomerase ———»

<
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Figure 1. The pathways which stimulate tumour growth through COX2 and the
mechanisms of action of coxibs.




Mechanismy ucinki exprese COX-2 na vyvoj
kolorektalnich nadoru:

Utinky nezavislé na produkei prostaglandint (PGE2):
Aktivace karcinogenu

Produkce malondialdehydu

Redukce hladiny volné AA

Utinky zavislé na produkci PGE2:
Indukce bunécné proliferace
Inhibice apoptozy

Indukce angiogeneze

ZvySeni bunééné motility

ZvySen¢ metastatického potencialu
Indukce lokalni imunosuprese




Cellautonomous effect Landscaping effect

Paracrine mechanism

2

r'f’f ’
/4 cox2
|
N o
© © Autocrine o VEGF
mechanism
© )
l Cancer cell
Apoptosis
Cell migration Endothelial cell
Immunoregulation
Aromatase modulation
EGF modulation Angiogenesis

Figure 3. COX2 (s overexprassad In several cell types, such as macrophages, synoviocytes,
fbroblasts, osteoblasts, tumour endothelial calis, and “activated” endothellal cells, and may
contribute to tumour growth through several mechanisms: COX2-dependent -prostaglandins can
stimufate intraceliuiar receptors (Intracrine mechanism), saif-prostaglandin mambrane recepfors
fautocrine mechanisim), and prostaglandin membrane receptors of differant cells, such as
endothelfal cefis, with proanglogenic effects {paracrine or landscaping effect),




Molekuldrni mechanismy COX-2 a NSAIDs

Cell membrane
L

phospholipids

NSAIDs

Prostaglandin
Receptor

l
A

R’
G Protein

l

cAMPor Ca2*

Y

Survival

L T EER ] L L] sEEEEEEEEEEEE

Nucleus

Fig. 4. Molecular mechanisms for COX-2 and NSAIDs. The right part of the model illustrates the prostaglandin synthesis pathway as well as the
subsequent receptor signaling—the specific prostaglandin receptors as well as the non-canonical EGF receptor pathway. As the result of
inhibiting COX enzymes, accumulation of arachadonic acid would directly promote apoptosis and attenuation of positive feedback to
proliferation and survival through receptors. The rest of the figure demonstrates several COX-2 independent mechanisms proposed for NSAIDs.

Since, not all NSAIDs are able to act through these mechanisms in every cell type, a brief table is attached to summarize the particular NSAIDs
used in each experiment as well as the cell lines involved.




Mechanismy preventivniho pusobeni NSAIDs
v kolorektalni karcinogenezi

Anti-Neoplastic actions of NSAIDs
involving apoptosis

"
o

CD95

Cytokines

Efd <
Cog

Apoptosis |

Fig. 6. A summary of the known actions of NSAIDs relevant to prevention of colorectal cancer. Red arrows and blocks indicate actions of NSAIDs.




Mechanismy ucinkl nékterych NSAIDs

No Mechanism NSAID (concentration) Cell lime system Reference
I Accumulation of AA causes apoptosis Sulindac (200 uM), indomethacin HT29, HEK293 [141]
(300 M)
2 Serve as ligands for PPARy [ndomethacin (40 uM), fufenamic acid Fibroblast [145]
(100 uM), fenoprofen (100 uM), ibuprofen  (C3HIOTI/2)
(100 uM]
3 Inhibits PED Sulindac sulfone {165 uM) SW480 [140]
4 [nhibits I-k B kinase f Aspirin, sulindac sulfide, not indomethacin -~ HCT16, Cos, etc. |146]
5 Blocks DNA binding of PPAR &/ Sulindac sulfide (100-230 uM) HCT116, SW480 [136]
b Suppresses Bel-xl Sulindac (120 uM) HCT116 [137]
] Blocks Akt activation Celecoxib (25-50 uM) PC-3, LNCaP [147]




COX-2 v angiogenezi

Stroma Cells -From constitutive low expression of COX-1
from all cell types

-From transient high expression COX-2
from inflammatory cells and tumor cells.

T Angiogenesis factor secretion
T COX-2 and PG production
T anti-apoptotic factors

Cancer Cells

Macrophages
Inflammatory cells
Angiogenesis factors [
Pro-inflammatory molecules

-positive feedbacks increase the
secretion of pro-inflammatory
molecules

T Migration
T Permeability
T Neovascular formation

Fig. 1. COX-2 in angiogenesis. This figure models the interactive relationship among cancer cells, endothelial cells and infiltrating
inflammatory cells at the site of tumorigenesis. The prostaglandin pool is contributed to by all three different cell types and occasionally stromal
cells. The positive feedback through prostaglandin receptors increases COX-2 expression and ensures the continued generation of
prostaglandins. In the cancer cell, prostaglandin signaling also results in the production of multiple angiogenesis factors, through which they
stimulate neovascular formation at the site of tumorigenesis. In inflammatory cells, prostaglandin signaling stimulates the generation of pro-
inflammatory molecules such as 1L-2. which further recruits additional circulating monocytes and amplifies the inflammatory response. As a
response to increased levels of prostaglandins, angiogenesis factors and pro-inflammatory molecules, endothelial cells proliferate. migrate and
undergo tubal formation, providing additional nutrients for oncogenesis as well as a potential route for metastasis.




U Il * * Growth factors

Figure 2. Increased exprassion of COX2 in human cancers is lfkely to occur via several pathways: mitogen-activated protein kinases (MAPKs), proteln
Kinase C(PKC, c-Jun N-terminal kinase (UNK), p38, and protein kinase A (PKA), that induce cAMP synthesls and activation of NFxB and NF-ILE, as
well as the CRE promoter sife. COX2 gene transcription {5 incuced through NF«B by an extraceliular-signal-related kinase (ERK2), p38, and JNK,
through NF-ILE via p38, and through CRE via ERK2 and JNK pathways. PKC, seems fo mediate COX2 transcription through all the three promoter
sites. COX-2 Is franscripfionally downregulated by APC and upregulated by c-Myb, and nuclear accumulation of p-catanin, through the Wnt-signalling
pathway, In human colon and fiver carcinogenesis, whereas K-ras induces COX2 mBNA stabilisation. DR, death receptor; FADD, Fas-associated death
domain protein.




The Inflammatory Pathway To Colorectal
Cancer

Bacteria 4?— Diet carcinogens,environment

Enterocyte IxB Kinase Fhiﬂgﬁéﬂmﬂl
nstabili
Telnrrlere shortening
Inflammation
Prostaglandins, I-';B Kinase .- Prostaglandins,

Cytokines, Interleuking g —— Cytokines, Interleukins

Fig. 3. A speculative model for initiation of colorectal cancer by gut Hora.




Aktivace NFkB bakteriemi

- ?
Diet : «sennaessesasap COmmensal Bacteria
Carcinogens

e

B =EC R

I I

+ Tull like receptors
/ IkB Kinase \.
Cytoplasm [ / ! - Degradation

Nucleus |—b Inflammation, survival genes

Fig. 4. The classical NF-kB pathway and 1ts activation by bactenia. After reference [98].




(a) (b)

Activation of Phosphorylation
kB kinases of NF-xB
Phosphorylation, Conformational
ubiquitination and changes
degradation of 1kB l
l Modulation of nuclear import, DNA
Nuclear translocation and binding, protein-protein interactions
DNA binding of NF-xB with coactivators or co-repressors,
\ effects on transactivation

P

Regulace aktivity NF-xB zavisla a nezavisla na IkB. (a) NFxB je aktivovan po
aktivaci kB kinazy (IKK). Tyto kinazy fosforyluji 1xkB, coz vede k jeho degradaci a
jaderné translokaci uvolnéného NF-kB. (b) Zaroveri samotny NF-«xB je fosforylovan
cytosolovymi nebo jadernymi protein kinazami, coz zvysuje u€innost genové exprese
indukované NF-xB. kB, inhibitor NF-xB; NF-xB, jaderny faktor kB.
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Schematic representation of apoptosis, oncosis and necrosis

Fig. 3. Schematic representation of apoptosis, oncosis, and necrosis,
according to taxonomy of cell death proposed by Majno and Joris (67).
The early stages of apoptosis are characterized by a relatively intact
plasma membrane and intracellular changes as described in the legend to
Figure 1 and in the text. During the late stage (apoptotic necrosis) the
plasma membrane transport function fails resulting in cells that cannot
exclude trypan blue or PI, and the remains of the apoptotic cell are

blebbing

PHAGOCYTOS[S
BY MACROPHAGES
OR NEARBY CELLS

PHAGOCYTOSIS,
INFLAMMATION

enguifed by neighboring cells. During oncosis, cell mitochondria swell
concomitant with a distortion of the mitochondrial structure and swell-
ing of the whole cell. For some period of time, however, other vital cell
functions are preserved albeit to different degrees. Rupture of the plasma
membrane leads to a necrotic stage (oncotic necrosis) which is associ-
ated with local inflammation (modified, after Majno and Joris, ref. 67).




Stage of apoptosis viewed by confocal fluorescence microscopy

Viable cell

Early stage of apoptosis

Mid-stage of apoptosis




Analysis of DNA fragmentation of apoptosis
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Viable and apoptotic cells on electron microscopy
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Molekuldrni interak¢ni mapa drah spojenych s apoptdzou, u nichz byly pozorovany rozdily v
genove expresi.

Molekuly podporujici apoptdézu — Cervena

Molekuly suprimujici apoptozu — zelena

Exprese mRNA se méni o¢ekavanym smérem — zlut€, opaCnym smérem - modie




Anti-apoptické signaly z NF-xB

Fas, FasL «—— p353 —» Bax, Noxa, pig3

NF-xB —» Bclx, Bel2 — Mitochondria

ul L
cIAPs, XIAP — Diabo/Smac Cyto, C

l\_ [l

Caspase-8 [ - Caspase-3, '}' Caspase- 9‘:: Apaf-1

Apoptosis ¢ AlF 1—/

Figure 2. Possible wrgeting point of anti-zapoprotic signals from NF-kB.
Intrinsic (open arrows ) and extrinsic (filled arrows ) apoplosis pathways
are depicted. The effector caspuises, such as caspase-3 and caspase-7, are

activited by apstrean initiator caspases, caspase-8 and caspase-2, The initi-
AT Ciislses thomselves are activited h‘.;' eather |i;f,;_|nn_|~ |7i!1LEir1;.: tor the death
receptor complex or ovtochrome ¢ released brom damaged mitochondnia, An
anti-apoptotic offect of NF-sl} s aclueved through its up regulation of TAPs
that inhibits caspases and Belexl that protects mitochondria from further
damaging.—, activation; =, inhibyion:




Molekularni interakéni mapa NFxB/I kB
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Figure 2. (1) NSAIDs inhibit activity of IkB kinase P (IkKp)
which inhibits NFkB signaling by blocking the degradation of
[kB and thereby, preventing the translocation of NFkB to the
nucleus. (2) NSAID (sulindac) can inhibit the DNA binding
activity of PPARG. (3) NSAIDs trigger both the mitochondrial
and death receptor-mediated apoptotic pathways with resultant
cytochrome ¢ (cyt ¢) release and DRS up-regulation, respec-
tively. NSAIDs also inhibit the anti-apoptotic Bel- X protein
resulting in an increase in the ratio of pro-apoptotic BAX:
Bel-X




Survivin

Figure 2 | Model for survivin-mediated protection against mitotic catastrophe. Cellular
stresses induce both DNA damage and defects in the mitotic machinery (mitotic damage). DNA
damage can lead to cell-cycle arrest, apoptosis or abemrant mitosis. Mitotic damage can lead to
cell-cycle arrest, apoptasis or mitatic catastrophe through aberant mitosis. In situations in
which p53 activity has induced apoptosis, BCLZ expression can rescue cells from death. pb3 —
and its target genes that encode WAF1 and 14-3-3¢ — also help to prevent aberrant mitosis
and mitotic catastrophe. The nommal function of survivin is to maintain the integrity of the mitotic
spindle and promaote mitotic progression. Loss of survivin induces cell-cycle arrest and cell
death by mitotic catastrophe in a manner that is independent of both p53 and BCLZ. However,
loss of survivin also induces pas3 and WAF1 expression, perhaps indirectly triggering p53-
dependent apoptosis (dashed line).
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Pathways controlling apoptosis and necrosis. Activation of death receptors, DNA
damage, growth factor loss, radio- or chemotherapy can result in acitvation of
upstream caspases, activation of mitochondria, release of cytochrome c, activation of
Apaf-1, subsequent activation of downstream caspases, and finally DNA fragmentation
and apoptosis. The central role of anti-apoptotic Bcl-2 family members (Bcl-2, Bcl-X,)
and of inhibitors like IAP (inhibitors of apoptosis proteins) is demonstrated.
Mitochondrial activation resulting in release of Ca*, generation of free radicals, lipid
peroxidation and ATP-depletion leads to necrosis.




Oxidativni stres jako mediator apoptozy

Mnoho latek, které indukuji apoptdzu jsou bud’ oxidanty nebo
stimulatory bunécného oxidativniho metabolismu. Naopak
fada inhibitortl apoptozy ma antioxida¢ni ucinky.

Mozné mechanismy:

» Bcl-2 protein (produkt bel-2 onkogenu) - v mitochondriich,
endopl. retikulu a jaderné membrané - regulace ROS

» Aktivace poly-ADP-riboso-transferasy a akumulace p53 -
polymerizace ADP-ribosy s proteiny vyustuje v rychlou
ztratu zasoby NAD/NADH, kolaps zasob ATP a smrt bunky.

» Oxidace lipida v bun. membranach - mediatory apoptozy
HPETE (po pusobeni TNFa)

» Aktivace genli odpoveédnych za apoptozu pres aktivaci
specifickych transkripnich faktoru jako je NFxB — rozporna
uloha.

» AP-1, antioxidant-responsivni faktor mtize také prispivat
k regulaci apoptozy.




Fyziologicky se ROS se tvori v:

Peroxisomech - rozklad mastnych kyselin (MK) - peroxid

Kataldza vyuziva peroxid v detoxifika¢nich reakcich

Mitochondriich - respiracni cyklus a katabolismus MK. Mn superoxid dismutasa
a dalSi antioxidanta v mitochondriich udrzuji nizkou hladinu téchto ROS.
Byla prokazana siln¢€ inverzni korelace mezi produkci ROS mitochondriemi
a délkou existence sav¢iho druhu.

Mikrosomalni systém transportu elektront (cytochrome P450) - vyzaduje
elektrony z NADPH k produkci ¢astecné redukovanych kyslikovych druht.
ROS vznikaji jen za ptitomnosti selektovanych xenobiotik - superoxidovy
radikal - konverze na reaktivnéjsi hydroxylovy radikal

Mimobunécné déje - oxidativni vzplanuti aktivovanych makrofagti - NADPH-
oxidaza -superoxid.

Antioxida¢ni obranny systém:

» neenzymaticky: molekuly jako vit E, vit C a glutation pusobici pfimo na ROS

» enzymaticky: superoxid dismutaza (SOD), katalaza (CAT), GSH peroxidasa
(GSH-Px) a GSH S transferasa (GST). Mohou bud’ pfimo odstranovat ROS
nebo plsobit recyklaci neenzymatickych molekul.
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Nitrosation Oxidation Nitration Metal complexes

Protein kinases Protein phosphatases
SAPK, p38, JAK, ERK MKP-1, PTP
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Transcription factors \
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JVW Gene transcription

Hypotetické schéma ilusturujici modulaci signalii oxidem dusiku (NO) vedouci ke

zméné aktivity transkripénich faktorii a exprese genii. (AP-1 activator protein 1, ERK
extracellular signal-regulated kinases, JAK Janus protein kinases, MKP-1 mitogen-activated protein kinase
phosphatase-1, NFxB nuclear factor kB, NO nitric oxide, O,- superoxide, ONOO" peroxynitrite, p38 p38 mitogen-
activated protein kinases, PTP protein tyrosine phosphatase, Ras small GTP-binding protein, ROS reactive
oxygen species, RXR retionid X receptor, SAPK stress-activated protein kinases)




OXIDATIVNI STRES A REDOXNIi NEROVNOVAHA VE STREVE
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Hypotéza bunééné proliferace a apoptézy indukované
lipidovou peroxidaci. NF-kB, jaderny transkrip€ni faktor «B.




OXIDATIVNI STRES A REDOXNIi NEROVNOVAHA VE STREVE

Quiescence Proliferation Apoptosis Necrosis

/\

Transformed

Mitotic
competent / Stimulus

Growth ——>

[ —

Differentiated

"

<€ Redox status >
Reductants Oxidants

Bunééna odpovéd’ na oxidativni stres a oxidaéné-redukéni (redox) stav.
Krivky predstavuji terminalné diferencované, mitoticky kompetentni a
transformované bunécné typy.
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Figure 1 | Reactive oxygen species. Superoxide is generated from various sources, which
include the NADPH oxidase (NOX) enzymes (such as the phagocyte NOX, Phox).

Two molecules of superoxide can react to generate hydrogen peroxide (H,0O,) in a reaction
known as dismutation, which is accelerated by the enzyme superoxide dismutase (SOD),

In the presence of iron, superoxide and H_,O, react to generate hydroxyl radicals. In addition
to superoxide, H,0, and hydroxyl radicals, other reactive oxygen species (ROS) occur in
biological systems. In inflamed areas, these include hypochlorous acid (HOCI), formed in
neutrophils from H,O, and chioride by the phagocyte enzyme myeloperoxidase (MPO); singlet
oxygen, which might be formed from oxygen in areas of inflammation through the action of
Phox and MPO-catalysed oxidation of halide ions®; and ozone, which can be generated from
singlet oxygen by antibody molecules®™%. The last reaction is likely to be important in inflamed
areas in which antibodies bound to microorganisms are exposed to ROS produced by
phagocytes. The colour coding indicates the reactivity of individual molecules (green,
relatively unreactive; yellow, limited reactivity; orange, moderate reactivity; red, high reactivity
and non-specificity). For further details see BOX 1.
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Figure 2 | Transmembrane topology and domain structure of NOX and DUOX enzymes. NADPH oxidase 1 (NOX1),
MNOX3 and NOX4 are similar in size and domain structure to the well-studied gp91phox, also known as NOXZ2. They contain

an amino-terminal hydrophobic domain that is predicted to form six transmembrane a-helices. This region contains five
conserved histidine residues, four of which provide binding sites for two haems. Haem is an iron-containing prosthetic group
found in enzymes, electron transfer proteins and oxygen-binding pigments such as haemoglobin. The iron in haems is capable
of undergoing reduction and re-oxidation, thereby functicning as an electron carrier. The two haems are located approximately
within the two leaflets of the membrane bilayer, and together provide a channel for electrons to pass across the membrane.
The carboxy-terminal portion of the molecule folds into an independent cytoplasmic domain that contains binding sites for the
co-enzymes flavin adenine dinucleotide (FAD) and NADPH. The NOX enzymes catalyse the NADPH-dependent reduction of
oxygen to form superoxide, which can react with itself to form hydrogen peroxide (H,0,). For gp91phox. the H,O, serves as

a substrate for myeloperoxidase (MPO), but it is not known whether other NOX enzymes provide H,O, for separate peroxidase
enzymes. NOX5 contains the same gp91phox-like catalytic core, plus an amino-terminal calcium-binding domain. The dual
oxidase (DUCX) enzymes build on the NOX5 structure by adding at the amino terminus an extra transmembrane o-helix
followed by a domain that is homologous to peroxidases such as MPO, This peroxidase-homology domain is predicted to

be localized on the outside of the membrane, where it can use ROS generated by the catalytic core to generate more powerful
oxidant species that then oxidize extracellular substrates (R}




Srovnani obnovy bunék ve strevé, kuizi a jaternich proliferonech

INTESTINE —
(2-5 DAYS) LIVER glCINUS
’ C YeAED
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DIRECTION OF DIFFERENTIATION

L ONE WAY
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CRYPT BASAL LAYER PORTAL ZONE
Comparison of cell renewal in intestine. skin. and liver
prollfernns, Normal cell turnover in the gastrointestinal tract,
skin, and liver appears to proceed Hlnllldll} but at greatly differ-
ent rates. The small arrows and asterisks denote the location of
proliferating stem cells. Proliferating cells ma) be demon=trated
in crypts of the gastrointestinal tract up to the opening of the
crypt, limited to the basal laver of the skin, and rarely in the liver.
Toxic or destructive events may increase the proliferation rate in
these organs so that proliferating cells may be seen in higher lay-
ers in the skin and in the hepatu cords. Induction of pr oliferation
of hepatic stem cells requires either massive loss of hepatocytes
or inhibition of hepatocyte proliferation by a necrotic dose of

genotoxic carcinogen.




KARCINOGENEZE KUZE

Epidermis je vysoce ucinné signalni rozhrani mezi vnéjSim prostfedim a télem.

Tzv. hyperplasticka transformace zahrnuje obranné reakce jako je zanét a protektivni a
reparacni procesy jako je vyvoj hyperplasie a hojeni ran.

Keratinocyty epidermis jsou nejvice exponované a maji hlavni kontrolni funkci. Po
podrazdéni a poSkozeni velmi rychle reaguji (aktivuji se) a uvoliiuji fadu signalnich
molekul, jako jsou cytokiny, rustové faktory a prozanétlivé mediatory.

Vyznam metabolismu AA — eikosanoidy pusobi jako tkanové mediatory a Gicastni se
kontroly proliferace a diferenciace, apoptozy, zanétu, invaze leukocyti apod. Bylo
prokazano, ze tvorba eikosanoidu je dilezitym déjem pii rozvoji nadort.

Interakce s cytokiny

In vivo — vicestupnovy model a synergismus genotox. a negenotox. faktort.

Iniciace je navozena genotox. latkou a k promoci dochdzi opakovanou indukci
regenerativni hyperproliferacni odpovédi po plisobeni bud’ nadorovymi promotory jako je
TPA nebo po mechanickém poranéni.

Proces zaCina reverzibilni hyperplasii kiize, nasleduje objeveni se klonalnich
preneoplastickych poSkozeni (revers. nebo irevers. papilomy) a kon¢i vznikem invazivnich
a metastazujicich karcinomu kuze.

Dulezitou roli zde hraji ROS, které vznikaji z velké Casti oxidativnim metabolismem lipidu.
Antioxidanta a vychytdvace radikali mohou karcinogenezi kuZe inhibovat, tj. plsobi
chemopreventivné.




Linie koznich buné€k a typy nadort.

Fenotyp epidermalniho karcinomu se vztahuje ke stadiu diferenciace
bunééného typu, kde se exprimuje maligni fenotyp.
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Fig. 6 Skin cell lineage and cancer type. The phenotype of epidermal carcinomas is related to the stage of differentiation of the cell types in the skin

where the malignant phenotype 1s expressed. The most primitive cell 1s in the bulb of the hair follicle, and the most differentiated cell 15 the terminally
differentiated keratinized cell.




Epidermalni karcinomy jsou ¢asto obklopeny oblasti morfologicky pozménénych
bungk, Casto s mutacemi (p53) vedoucimi k abnormalni proliferaci.
Dalsi mutace (napi- c-myc pak vedou k maligni transformaci.

NORMAL SKIN

~
__----""/:I

| )
FIRST MUTATION >/ ® /
(PREMALIGNANT) — P
e.g. p53 mutation SECOND MUTATION o —
CANCER e.g. c-myc

Fig. 7. Field Cancerization. Epidermal carcinomas are frequently found to be surrounded by a “field” of morphologically altered cells. These cells are
believed be changed by mutation or loss of a gene such as p33, which produces abnormalities 1 proliferation. It 1s postulated that a second mutation,
such as in c-mye. then leads to malignant transformation.




Uloha metabolismu AA

» enzymy se indukuji a AA a eikosanoidy se uvoliiuji po pusobeni nadorovych
promotoru

» zatimco indukce je pfechodna v normalni tkani, v neoplastickych mistech je
konstitutivni

» diky mutaci v ras onkogenu a dalSim genetickym defektiim ptisobi na
neoplastické bunky 1 nékteré autokrinné stimulované faktory jako napi. TGFa.,
ktery dale indukuje uvolnovani AA z fosfolipidii a de novo syntézu kritickych
enzymu metabolismu AA

» nadorech kiiZze je zvySené mnozstvi prostaglandinti a 8- a 12- HETE

» dochazi k aberantni expresi enzymu jako je PGH syntdza 2 (COX 2) a 8- a
12- lipoxygenaza.

» chemoprevence — vyuziti inhibitort eikosanoidi




HEPATOKARCINOGENEZE

Jatra - klidovy organ s velmi nizkou bazalni hladinou replikace DNA.
V odpovéd’ na specifické stimuli reaguji_rychlou proliferaci zprosttedkovanou
pravdépodobné novou expresi gendl.
Dediferenciace, zmény v regulaci bun. cyklu, ptisobeni rust. faktorit HGF(hepatocyte
growth f.) a EGF(epidermal growth f.)
K regenerativni hyperplasii dochazi pfi reparaci poskozeni jater v dusledku chirurgické
resekce, ¢asteCné hepatektomie nebo po puisobeni toxickych latek.
Negenotoxické karcinogeny napr. peroxisom. proliferatory (PP) nebo phenobarbital -
prfimy mitoticky stimul in vivo stimulujici asi 30% bunék béhem 48h. Ke stimulaci dochazi
1 u hepatocytu kultivovanych in vitro. Molekularni mechanismy nejsou zcela objasnény.
Silna korelace mezi indukci s. DNA a naslednou hepatokarcinogenitou.
Tento proces vSak dale zavisi na ploidité. U jaternich bunék endoreplikace -
polyploidizace. NarusSeni regulace bun. cyklu - bunky citlivéjsi k pusobeni chem. latek.
Negenotoxické karcinogeny pusobi u hepatocyti t€Z supresi apoptdzy. Poskozené bunky
pak persistuji v populaci a po dalSim mitogennim ptisobeni negenotox. karcinogenti z nich
mohou vznikat nadory.
Pfi pisobeni napt. PP hraji dilezitou ulohu receptory PPARa., jejichZ kvantitativni exprese
je pravdépodobné odpovédna za rozdily v citlivosti mezi hlodavei a jinymi Ziv. druhy 1
Clovékem.




Proliferace hepatocyti mize byt zprosttedkovana cytokiny

TNFa a IL-6 - prechod G0/G1

Hepatocyte growth factor (HGF), epidermal growth f. (EGF) a TGFa -
pifechod mezi stiedni a pozdni G1 fazi

Signaly mezi riznymi typy bunék -Kupfferovy bunky (jaterni makrofagy)
po stimulaci PP uvolnuji TNFa a IL-6 — aktivace specifickych
transkripCnich faktort jako je NFxB nebo STAT proteint (pienos signall a
aktivace transkripce) v hepatocytech.

U lab. zvitat sledovany pocty a velikost morfologicky a enzymaticky
zmeéneénych fokusu (v nich s. DNA a apoptoza).

Dalsi stupen hepatocelularni adenomy a karcinomy.
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Fig. 8. Postulated stages of the hepatocytic lineage that may respond to
liver injury or carcinogenic protocols. Following various models of liver
injury or chemical hepatocarcinogenesis different cell types in the hep-
atocytic lineage may respond: 1 Undifferentiated periductular oval cells,
which may arise from circulating bone marrow precursor cells. 2. Periduc-
tular cells intrinsic to the liver, 3. Bipolar ductal progenitor cells, or
4. Mature hepatocytes, which retain the potential to divide. Periductular
cells respond to periportal injury induced by allyl alcohol or to choline
deficiency-ethionine carcinogenesis. Bipolar ductal progenitor cells re-
spond to injury and to carcinogenic regimens, such as the Solt-Farber
model. when proliferation of hepatocytes 1s inhibited. Hepatocytes re-
spond to partial hepatectomy and to carcinogensis by diethylnitrosamine
(DEN) (from [132.315]).




Hepatokarcinogeneze
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Postulated levels of expression of carcinogenic events during hepatocarcinogenesis. The stem cell model of hepatocarcinogenesis pos-
tulates that carcinogenic events occur in proliferating cells at some stage during differentiation, resulting in expression of the malignant
phenotype (blocked ontogeny). Because carcinogenesis most likely results from the accumulation of more than one mutation, it is likely that
the first mutation (initiation) takes place at the level of the stem cell and that later mutations occurring at the level of the transition duct
cells or in aberrantly differentiating cells (atypical hyperplasia or cholangiofibrosis) direct the level of expression of malignancy.
Hepatoblastoma may represent tumors that arise because of muitiple mutations at the stem cell level. Tumors with combined features of

hepatocytes and bile ducts (hepatocholangiocarcinomas) may arise from multiple mutations at a later stage of differentiation. Hepatocellular
carcinomas arise from a still later stage of differentiation.
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Schéma signalnich drah PPAR

PPARs funguji jako heterodimery s jejich obvyklym partnerem
- retinoidnim receptorem (RXR).
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Figure 2 | Consequences of Ppara activation by PP in
the liver and proposed underlying mechanisms. Long-
term chronic activation of peroxisome-proliferator-activated
receptor-c (Ppara) in the hepatocytes by its ligands (initial
event; a) induces a short-term pleiotropic response (b)
followed by hepatocellular carcinomas in both rats and mice
(c). The short-term response includes transcriptional
activation of enzymes that are involved in fatty-acid
metabolism (fatty-acid B-oxidation, fatty-acid transporters
and cytoplasmic liver fatty-acid-binding protein (L-FABF]), of
genes that are involved in cell-cycle control and of genes
coding for enzymes of the cytochrome p450 family (second-
ine events)'%; peroxisome and cell proliferation (third-line
events): and liver hypertrophy and hyperplasia (fourth-line
events). The long-term consequence of these events is the
development of hepatocellular carcinomas in rodents.

d | Several underlying mechanisms are being

debated!*!® Peraxisome proliferators (PPs) induce DNA
replication and proliferation of hepatocytes in a Pparo-
dependent manner'®#, Furthermore, PPs repress
spontaneous and induced hepatocyte apoptosis, in vitro
and in vivo. As well as controlling of the cell cycle, the
production of reactive oxygen species in response to Pparc
agonists might damage DNA and promote hepatocyte
proliferation, but the implication of Ppara in this effect
remains to be proven. Additionally, non-hepatocyte cells,
such as Kupffer cells, might participate in the short-term
cascade of events by promoting hepatocyte proliferation®.,




Figure 1 | Schematic representation of the PPAR
signalling pathways. a | Endogenous agonists of
peroxisome-proliferator-activated receptors (FPARs). PPARs
are ligand-inducible receptors, which can be activated by fatty
acids — such as arachidonic or linoleic acids — and their
derivatives. The fatty-acid metabolites that activate PPARS are
mainly derived from arachidonic or lincleic acids through the
cyclooxygenase or the lipoxygenase pathways. The best
characterized at the moment are leukotriene B4 (LTB4) and
85-HETE (hydroxyeicosatetraenoic acid), which preferentially
activate PPARc; 15-deoxy-prostaglandin J2 (15-dPGJ2) and
15-HETE, which are PPARy-selective ligands: and the
prostaglandin 12 (PGIZ, also called prostacyclin), which is
probably a PPARR/G natural ligand. PPARyis also activated by
9-HODE (hydroxyoctadecadienoic acid) and 13-HODE, either
derived from linoleic acid or as components of oxidized low-
density ipoprotein (oxLDL). b | PPARS function as
heterodimers with their obligate partner, retinoid receptor
(RXR]). The dimer probably interacts with co-requlators, either
co-activators (CoAct) or co-repressors (CoRep). In the
unliganded form, PPARB/&-RXR heterodimer, in contrast to
PPARc~RXR and PPARy-RXR heterodimers, recruits co-
repressors and represses the activity of PPARo and PPARy
target genes by binding to the peroxisome proliferator
response element (PPRE) that is present in their promoters®?
In their liganded form, the PPAR-RXR heterodimers interact
with co-activators, bind to the PPRE that is present in the
promoters of their target genes and activate their transcription.
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Figure 3 | PPARB/6 and PPARYyfunctions that relate to their carcinogenic properties.

a | As demonstrated in a mouse-skin wound-healing model, Ppar[3/6 inhibits keratinocyte
proliferation and participates in inflammation-induced keratinocyte differentiation, which are anti-
carcinogenic actions. However, it also increases both migration and keratinocyte resistance to
Tnf-a-induced apoptosis. b | PPARyis implicated in the differentiation of pre-adipocytes to
adipocytes and of monocytes to macrophages. In the presence of PPARy and retinoid receptor
(RXR) ligands, myeloid-cell precursors become resting macrophages, which can be turned to
lipid-loaded macrophages, when PPARy and RXR ligands are maintained. PPARy can also
withdraw liposarcoma-derived cells from cell division to trigger their differentiation to adipocytes.




