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Nadory kolonu a rekta (CRC)

Vyskyt:

sindustrializovane zeme (zivotni styl, vyziva)

*CR (treti nejcastéjsi pricina umrti na rakovinu)

vékova distribuce (muzi nardst pripadd od 60 let; zeny od 70
let)

Epitel kolorekta — sebobnovna intenzivne proliferujici bunécna
populace — nachylna ke zménam

Kolorektalni karcinogeneze

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



Nejvyssi vyskyt CRC v prumyslové vyspélych
zemich (Kanada, USA, Evropa, Australie)

a Incidence rates of colorectal cancer
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Nadory kolonu a rekta Dg. C18 - C21

ZDRAVOTNICKA ROGENKA CR 2009 / CZECH HEALTH STATISTICS 2009

2.1.1 Hlasena onemocnéni zhoubnymi novotvary (rok 2007) — muzi

Notified cases of malignant neoplasms (year 2007) — males
112

Vekova Kéd diagnozy (MKN010)
skupina cig [ ci8 | cie | c2o c21 c25 [ c32 [ c33 | cu
absolutné
0-4 - - - - - - - - -
5-9 ; ; ; ; - - - - -
10-14 ; 1 ; ; - - - - -
15-18 - 1 - - - - - - -
20-24 - - - - - - - - -
25-29 2 2 ; 1 - 1 - - 1
30-34 3 7 1 7 - 3 1 - [
35-38 10 18 ; 13 1 5 1 - 15
40-44 20 28 11 2 - 15 8 - 2%
45-49 33| 56 19 35 3 31 31 - 95
50-54 59 120 29 111 2 63 54 3 310
55-59 a7 245 78 208 12 114 116 1 689
60-64 131 376 120 267 7 173 97 S| em0
65-69 139 376 106 209 5 131 66 2 757
70-74 144 471 a5 204 2 145 41 3 683
75-78 138 450 o3 185 6 153 25 S| et
80-84 99 285 81 92 2 94 1 S| 349
85+ g3f| 123 20 50 1 36 1 - 110
Celkem oag)| 2560 653 | 1384 41 964 484 9| 462
na 100 000 myZ0
0-4 - - - - - - - - -
5-9 ; ; ; ; - - - - -
10-14 ; 04 ; ; - - - - -
15-18 ; 03 ; ; - - - - -
20-24 - - - - - - - - -
25-29 05 05 ; 02 - 02 - - 02
30-34 06 15 02 15 - 06 02 - 13
35-38 2.7 48 - 35 03 13 03 - 40
40-44 55 78 30 6.1 - 42 22 - 6.9
45-49 101 17.1 58 | 107 09 95 95 - 291
50-54 1570|320 77| 298 o5 188 | 144 08| 828
55-59 258)| 655 | 208 | 553 32 03| 309 03| 1833
60-54 4210l 1209 | 386 | 858 23 s56| 312 S| 3182
65-69 670f| 1813 | 511 1008 24 | 632 318 10| 3650
70-74 940f| 3074 | 620 1331 13| 946 | 268 20 | 4457
75-78 114f| 3631 | 751 | 1332 a8 fl 1235 | 202 -| 4789
80-84 13620 3920 | 1114 | 1265 28 | 1283 | 193 -| 4800
85+ 10450 areT | 617 | 1543 31 1| 308 | 3398
Celkem 186 507 | 129 274 08 | 191 92 02| 915
Celkemn 1990 28| 291 91| 208 11 155 88 40| 956
Celkemn 1995 2400 381 14| 239 06 | 144 9.2 03| 949
Celkem 2000 201f| 45| 18| 271 06 160 8.7 02| 920
Standardizovana amrtnost ha 100 000 muzi
Na evropsky standard 128)| 224 56| 121 06 | 161 41 02| 710
Na svétovy standard 84l 142 36 78 04 I 107 29 02| 480
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2.1.2 Hlasena onemocnéni zhoubnymi novotvary (rok 2007) — Zzeny

Notified cases of malignant neoplasms (year 2007) — females
1/2

Vékova Kéd diagnézy (MKNO10)
skupina ci6 | c1s8 | c19 [ c2o | e c23 | ca4 [ c | cu
absolutng
0-4 - - - - - - - - 1
5-9 - - - - - - - - -
10-14 - 1 - - - - - -
15-19 - 2 - - - - - -
20-24 - 1 - - - - 1
25-29 3 4 - 4 - - 1 - -
30-34 6 9 - 4 2 - - - 5
35-39 12 10 6 8 - 2 1 - 9
40-44 11 29 4 18 1 1 1 - 24
45-49 14 45 9 24 4 7 4 - v
50-54 38 81 22 55 10 14 6 - 149
55-59 52 148 45 75 14 34 10 - 218
60-64 78 227 53 91 9 48 19 - 37
65-69 62 224 70 103 9 46 20 - 234
70-74 7 252 69 105 12 Al 35 2 267
75-79 116 350 69 126 10 65 41 1 228
80-84 103 319 60 a7 8 82 37 - 161
85+ 89 206 32 51 1 56 29 - 108
Celkem 661 1908 439 781 80 426 204 3 1759
na 100 000 Zen
0-4 - - - - - - - - 0.4
5-9 - - - - - - - - -
10-14 - 04 - - - - - - -
15-19 - 0.6 - - - - - - -
20-24 - 03 - - - - - - 0,3
25-29 08 10 - 10 - - 03 - -
30-34 13 20 - 09 04 - - - 1.1
35-39 34 28 1.7 23 - 06 03 - 25
40-44 32 84 12 52 03 03 03 - 6.9
45-49 44 141 28 75 13 22 13 - 116
50-54 10,0 21.2 58 144 26 ar 16 - 390
55-59 13,1 372 13 188 35 85 25 - 548
60-64 222 64,7 151 259 26 13,7 54 - 904
65-69 244 88,1 2715 405 35 18,1 79 - 92,1
70-74 36,1 1183 324 433 56 333 16,4 09 1253
75-79 574 173.3 342 624 50 322 203 05 129
80-84 68.6 2125 40,0 64 6 53 546 246 - 1072
85+ 1028 | 2379 370 589 12 647 335 S| 1247
Celkem 125 36,2 83 144 15 8.1 39 01 333
Celkem 1990 178 281 6,6 1.1 13 95 35 06 154
Celkem 1995 174 339 89 13,7 06 10,1 32 0.1 214
Celkem 2000 143 359 8.1 144 08 93 39 0.1 26,1
Standardizovana amrtnogt na 100 000 Zen

Na evropsky standard 6,3 120 26 486 03 472 24 0,1 19,1
Na svétovy standard 40 75 1.7 29 02 27 15 0.0 129




Incidence nadoru ve Velké Britanii
UK mortality 2007: Males

AT Lung 196837 (24%)
e Prostate 10239 (13%)
P Coloretal 8474 (10%)
0 Oesophagus 4,805 (6%)
[ Pancreas 3742 (5%)
P Bladder 3283 (4%)
P stomach 3,267 (4%)
[ Leukaemias 2492 (3%)
[ Non-hodgkin lymphoma 2443 (3%)
P Kidney 2,299 (3%)
P, other 20226 (25%)
UK mortality 2007: Females
TR  ung 14872 (20%
R, preast 11990  (16%
EBEee—————-— Colorectal 7533  (10%

P Ovary 4317

P Pancreas 3,985

I Oesophagus 2548

I Non-Hodgkin lymphoma 2,090

[ Stomach 1,969

B Levkaemias 1858

N Uterus 1,659

21,796
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Incidence a mortalita kolorektalnich nadoru
u muzu v EU
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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®.




Strevni epitel

Sebeobnovna tkan s unikatni topologii — dvourozmérna struktura:
Proliferativni krypty a diferencovane klky (villi). Jednovrstevna
bariera mezi lumen a vnitfnim prostredim.

Tenkeé strevo — krypty — dolni ¢ast — kmenové a Panethovy
bunky, proliferujici ,transit-amplifying" diferencujici se bunky
postupuji k vrcholu, klky z diferencovanych bunék na vrcholu se
odlupuijicich.

Tlusté strevo — nejsou klky, na dné krypt kmenové bunky
(nejsou zde P. bunky), 2/3 krypty proliferujici bunky, 1/3
diferencované b. na konci se odlupuji do lumenu (apoptoza —
anoikis).



2 hlavni linie buneéek:

Enterocyty - absorbtivni linie, nejpocetnéjsi

Sekrecni linie: goblet bunky (sekretuji protektivni muciny —
pribyvaji smérem ke kolonu)

Enteroendokrinni bunky (asi 1%, sekretuji hormony —
serotonin, sekretin)

Panethovy bunky — jen v tenkém strevé — sekretuji
antimikrobialni latky — kontrola mikrobialniho obsahu ve
streve.

Aktivni migrace bunek doprovazena diferenciaci a
odlupovanim do lumenu 3-5 dni
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Figure 19-1. Molecular Biology of the Cell, 4th Edition.

Kazda tkan je organizovanym seskupenim bunék drzenych pohromadé
bunécnymi adhezemi, ECM nebo obéma. Tkané jsou spojeny dohromady
v rliznych kombinacich a tvori funkcni jednotky - organy




Anatomie epitelu tenkého streva - krypty a villi

Differentiated cells

e

Goblet Entero- Absorptive
cells endocrine epithelial cells

5 3

Crypt-villus
~_ junction
N X

Lamina propria

Radtke F,Clevers H, Science 2005 a



Obnova strevni vystelky

LUMEN OF GUT

epithelial cell migration

from ‘bieth. gtthe botiom villus (no cell division)
of the crypt to loss at the

top of the villus Ly
(transit time is
3-5 days)

cross section
of villus

villus —

epithelial absorptive
cells brush-border —
crypt cells
cross
loose section mucus-
connective of crypt secreting s
tissue goblet cells
nondividing
differentiated-
cells
direction of
movement rapidly dividing
cells (cycle time
~ 2 hours crypt —
slowly dividing stem
cells (cycle time
= > 24 hours
(A) nondividing
differentiated (B) I
Paneth cells 100 um

Figure 22-19 part 1 of 2. Molecular Biology of the Cell, 4th Edition.  Figure 22-19 part 2 of 2. Molecular Biology of the Cell, 4th Edition.

Strevni krypty (Cast proliferacni a diferenciacni)

Vymeéna epitelu — bufiky migruji ze spodni Casti krypty, oblast kmenovych bunék

(pomalu se délici — 24h, rychle se délici bunky — 2 h, diferenciace bunék podél krypty,
snizovani proliferace, sna vrcholu odumiraji apoptdzou-anoikis (detachment-induced
apoptosis), celé trva 3-5 dni. ﬂ
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D Strevni krypta a profil rustovych faktoru

Model (b) Growth factor profile (c)
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Gerike TG et al., Cell Proliferation 1998



Strevni krypta s jednotlivymi kompartmenty a
aktivnimi signalnimi drahami

& Stemcells
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<@ Muscularis
mucosae

@® BMP antagonists
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BMP1,2, 57
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Fig.5. Graphical view of human colon intestinal epithelial cell development
and stem cell niche maintenance. Only genes with significant differential
expression in paired t test (P < 0.05) are listed. ISEMF, intestinal subepithelial
myofibroblast; SMC, smooth muscle cell.

. Kosinski C., PNAS 2007 a



BIRTH OF AN EPITHELIAL CANCER

Proces vzniku nadoru v epitelu

32 | September 22, 2003

PROLIFERATION,

An initial mutation in a single cell (highlighted) disrupts
signal transduction or the cell cycle, and the errant cell
divides more frequently than its neighbors. The changed
cell and its descendants constitute dysplasia, a pre-
cancerous growth whose cells are still differentiated and
confined to the bottom cell layer,

Time passes.

A second mutation eccurs in an already affected cell,
ushering in sweeping changes in gene expression

that modify metabolism, growth characteristics, and
cell shape, as adhesion and anchorage slip. The doubly
mutant cell and its descendants are slightly less
specialized than their neighbors.

Further escape from growth constraints, caused by a
third mutation, perturbs the cell cycle in a different
way, allowing rapid expansion of the growth. As mitotic
activity jumps, specializations continue to fade away
as new cells form, Their nuclel appear enlarged and
misshapen, reflecting the chacs within.

With still more mutations, the increasingly aggressive
growth is now a misshapen, if still microscopic, mass.
Yet it remains c ined within the epithelium bounded
by the basement membrane. The tiny tumor may
remain here, as in situ carcinoma, for years. The
abnormal cells now occupy all cell levels, and all are
de-differentiated to some degree.

INVASION.

As the dividing cancer cells extend through the base-
ment membrane into the surrounding stroma, malig-
nancy begins. The tumor and stroma communicate,
as the cancer locally takes over. Meanwhile, cancer
cells secrete fibroblast growth factor and vascular
endothelial growth factor, which subvert normal
angiogenesis to recruit capillaries, which snake in and
around the tumor.

Some cancer cells creep along the associated bleod
vessels; others squeeze between the lining cells to
enter the circulation,

Spread begins.

The Scientist

METATASIS.

Supplied with nutrients, oxygen, a waste remaval serv-
ice and conduits, ferocious 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 bone, Here, further mutations and
changes in gene expression ensue, often rendering the
original tumor’s offspring so different that treatments
that once worked now fail.

The Scientist | 33




Normalni epitel a adenomy v mysim tenkém
a tlustém streve
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Fig. 2. Comparison of normal epithelium and adenomas in murine small  aberrant crypt focus in the colon of a min mouse. (C) and (D) are
intestine and colon. (A) Small intestinal crypt and villus. (B) Colonic  stained for B-catenin. Note the presence of -catenin (in brown) in the
crypt and surface epithelium. Proliferative cells are stained for the cell cell boundaries of all nondiseased epithelial cells and the accumulation

cycle marker Ki67 (brown nuclei) in (A) and (B). (C) An adenoma of B-catenin throughout the cells in the adenoma and aberrant crypt
residing inside a villus of the small intestine of a min mouse. (D) A small  focus.

A, B — normalni epitel — proliferujici buriky pozitivni pro marker cyklujicich bunék
Ki67(hnéda barva)
C, D — adenom v tenkém strevé a fokusy aberantnich krypt v kolonu min mysi.
Barveno na pfitomnost beta-kateninu.
normalni buriky — beta-katenin na hranici mezi bunkami
adenom a aberantni krypty — beta-katenin v celé bunce
. Radtke F,Clevers H, Science 2005 a



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

Molekularni mechanismy kontrolujici homeostazu jsou tercem
zmén podilejicich se na vzniku nadora.

Molekularné genetické poznatky

« Mnohastupnova progrese na molekularni i morfologické Urovni.
» Genetické (mutacni aktivace onkogent a inaktivace nadorové
supresorovych gen{l) a epigenetické zmeny (metylace) podporuiji
tvorbu nadoru poskytujice klonalni rlistovou vyhodu zménénym
bunkam.

« Klicovym molekularnim krokem je ztrata genomove stability.

« Dedicné nadorove syndromy Casto odpovidaji formam klicovych
genetickych defektl u zarodecnych linii, jejichz somaticky vyskyt
nastartuje sporadicke nadory kolonu.



Ztrata genomove stability je klicovym molekularnim a
patogenetickym krokem vyskytujicim se na pocatku nadorového
procesu a vytvari permisivni prostredi pro vyskyt zméen onkogent
a nadorove supresorovych gendl.

3 hlavni formy:

« Nestabilita mikrosatelitl (MSI)

« Nestabilita chromozdmd (CIN) - zisk Ci ztrata Usekd chromozdmd,
aneuploidie)

« Chromozomalni translokace



Genetické zaklady vzniku nadoru

Dédicné poruchy predisponujici jedince
k nadoriim

e polypozni formy (familiarni adenomatdzni polypoza - FAP) asi 1% mutace
APC (adenomatous polyposis coli) genu tisice adenomatodznich polypt ve
streveé — riziko vzniku nadoru témér 100%.

e nepolypozni formy (hereditarni nepolypdzni kolorektalni karcinom —
HNPCC), Lynchiv syndrom) asi 15%, zvysené riziko dalSich typd nadord,
mutace genl pro MMR enzymy (mismatch DNA repair), mnozstvi mutaci v
repetitivnich sekvencich DNA - mikrosatelitech



Geneticka podminénost CRC

Sporadic
Low penetrance
Dominant
« APC alleles in FAP neve sl « AFC1307K \
» MMR mutations in Lynch » TGFARIMGAIR |
syndrome o BLMASh |
* AXIN2, POLD and TGFAR2 s HRASTWNTR |
alleles in familial CRC » Other alleles yet to |
s [KBT, SMAD4 and BMPRT be detectad |
alleles In hamartomatous Others ,"
polyposis Putative alleles
at 8, 9, 159
and 20q
Modifier genes
Genas
Environment

Figure 1 | A global view of the genetic contribution to colorectal cancer. The highly penetrant causative mutations in
familial adenomatous polyposis (FAP), Lynch syndrome, the hamartomatous polyposis syndromes and other familial
conditions underlie cases of colorectal cancer (CRC) that have a strong hereditary component, with litle environmental
influence. However, there are also several low-penetrance mutations that contribute to CRC susceptibility in an additive way;,
involving interactions betweesn 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, although none has
been identified so far, modifier genes are alzo likely to influence the effects of genetic and environmental factors that
contribute to CRC. Therefore, the distinction between ‘sporadic’ and ‘familial’ cases and between ‘genetic’ and
‘enwvironmental” predisposing factors has become blurred and might be better thought of as a continuum of risks contributing
to CRC development. APC, adenomatous polyposis coli; BLM, Bloom syndrome; MMR, mismatch repair; TGFBR2,
transforming growth factor-p receptor 2

FAP, Lynch@v syndrom atd.
prevazujici dédicna slozka

Jiné mutace zvysuji nachylnost
pri plsobeni environmentalnich
faktord.

Interakce gend a env. faktord.
Dalsi tzv. modifikujici geny
mohou dale ovliviiovat Ucinky
jak gen( tak env. faktord.

Presné rozliSeni mezi tzv.
sporadickymi a familiarnimi a
mezi genetickymi a
environmentalnimi faktory
predisponujicimi k CRC neni
striktni.

De la Chapelle A, Nature Rev Cancer 2004
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Vznik chromozomalni nestability u CRC

The Chromosomal Instability Pathway

Other genetic errors, Bub1, hCDC4

e

Chromosomal instability .
Aneuploidy, LOH Adenoma/carcinoma transition

APC ___, TTCF/LEF1 —, TSurvivin ___, p53

mutation  gene T c-Myc
transcription T Cyclin D1 /
Ras mutations

Inflammation

Progressive loss of apoptosis

LOH __,

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

Watson AJM, Crit Rev. Oncol Hematol 2006, 57:10'@



Sporadicka forma nadort kolonu — nedédicna,
postupny vyvoj radu let

Na vzniku se podili rovnéz vnéjsi faktory (dieta, zivotni styl)

Pozitivni korelace — spotreba tuku, ¢erveného 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 veku (okultni krey,
sigmoidoskopie, kolonoskopie)



Geny zahrnuté v kolorektalni karcinogenezi
e Onkogeny (ras, c-myc, c-myb, hst-1, trk, c-raf, c-src, c- myb, Her2-neu)

e Proteiny H-ras, K-ras, N-ras aktivované pres receptory spojené s G
proteiny a s tyrozin kinazami — aktivace drah kinaz RAF, MEF, MAPK —
prechod adenom — karcinom

e Nadorove supresorove geny

p53 — mutace ¢i delece u 70-80% nadorl, poruchy apoptozy

APC — delece ¢i mutace, brzky déj u adenom{ 80%, spojené

s deregulaci signalni drahy Wnt a chromozomalni nestabilitou.

Chyby spojeni mikrotubull a kinetochoru — abnormalni segregace
chromozdm{ - polyploidie

DCC - deletovany gen u 70-80% nadord, Uloha v zastavé G2/M a apoptdze

e Geny reparace DNA — MMR mismatch repair (hnMSH2, hMLH1)



Rozvoj z adenomu
do karcinomu

l i sRudysplasa

Komplexni nékolikastupnovy proces.
Neni UpIné stejny u rliznych typt CRC.

Obecné:

Nutné 4-6 genetickych defektd (mutace,
deregulace protoonkogen{ —k-ras, c-myc,
inaktivace nadorovych supresort — APC,
p53)

APC — ,, adenomatous polyposis coli*
DCC — ,,deleted in colorectal cancer™
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Genetické zmeny spojené s CRC
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hMSH3 . .
hMSHS Poruchy ,mismatch repair®
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Fig. 1. Genetic changes associated with colorectal tumorigenesis. This process is accelerated by MMR deficiency
(see text for details). Abbreviations: LOE loss of function; GOF, gain of function; MMR, mismatch repair.
Reproduced from Kinzler & Vogelstein (2) with modifications.



Funkce proteinu APC (adenomatous polyposis coli)

300kD cytoplasmaticky protein kodovany APC genem — casto
mutovany v prvotnich stadiich CRC (u adenom)

APC interaguje s radou bunécnych proteint a drah a prispiva tak

k regulaci diferenciace, migrace, proliferace a adheze. Jeho mutace
tak ovliviuje 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 bunécného cyklu zrejmé primou inhibici jeho komponent



Mutace genu APC

Truncation of APC

vede ke zménam
cytoskeletu a deregulaci
beta-kateninu

ovlivnéni migrace bunék a

mitotického veténka — & & & @_ & & o
. . 1L 78 s o g
aneuploidie = AS B E=EIv = = s
: T S E O EEEE = NagS e
. - : - minTan |- - — 0' N
deregulace beta-kateninu — = = = = = = = Fﬁﬁ!’
- - - - -

= e iy
poruchy diferenciace %7 s
a genoveé exprese — m

transformace Accumulation Aneuploidy Transformation
Zvysena hladina beta- Cell Chromosome Deregulation
kateninu — neschopnost migration segregation of B-catenin

APC vazby na mikrotubuly —
deregulace migrace bunék \S I

a segregace chromozémd.



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

 Mutace genu APC v kmenovych bunkach jako vysledek
plUsobeni latek z krve nebo zarodec¢né mutace, produkuje
abnormality v bunécné proliferaci, migraci a adhezi.

 Abnormalni bunky se akumuluji na vrcholu krypt, tvori se
aberantni fokusy krypt (ACF), které vycCnivaji do proudu stolice.

« ZvysSuje se pravdepodobnost dalSich mutaci kontaktem
proliferujicich bunék s fekalnimi mutageny a adenomy se tvori
postupnou klonalni expanzi.



Vyvoj polyklonality adenomu v kolonu

a Normal crypts b Monocryptal adenoma ¢ Polyclonal microadenoma

a) Mutace kmenové bunky
napr. v genu APC

b) Kolonizace krypty burikami APC-/-
a vznik monokryptalniho adenomu

c) Polyklonalita vznika v disledku
kratkodobé interakce zrejmeé
zménou signalovani bunék
spojenych s lamina propria— mutace
v prilehlé krypté

Longitudinal view

d) Expanze adenomu

e Polyp growth with entrapped normal crypt (grey)

e) Expanze dominantniho klonu vede
ke vzniku monoklonalniho nadoru

Crypt fission and
top-down growth

e e

Humphries A and Wright NA, Nature Rev Cancer 2008:415



Epigenetické zmeny v CRC

Hypo- nebo hypermetylace promotort
Hypometylace — obecny a rany déj — odpovédna napr. za overexpresi k-ras
Hypermetylace — inaktivace nadorové supresorovych gend

Deregulace rlistovych faktort

TGF beta — negativni rlstovy faktor epitelidlnich bunék — zastava v G1 fazi,
receptor I a II signalovani pres SMAD proteiny

Inaktivacni mutace signalni drahy — poruchy apoptdzy- progrese adenom-
karcinom.

Zaneétlivé onemocnéni streva (IBD)

Nadory Casto vznikaji v prostredi zanétu

Produkce prozanétlivych cytokinl — TNF alfa, IL-1, -6, -8, ROS, prostaglandiny
— podpora, poskozeni DNA, angiogeneze, inhibice apoptozy a invaze.

Uloha transkripéniho faktoru NFkB



Modifikatory kolorektalni karcinogeneze

Enterocyte
Genome
Transcriptome
Proteome
Metabolome
Lipidome

Intestinal
stem cell

>

e

Modifiers
Chronic inflammation
Dietary intake/lipids

Matrix composition
Medication
Microbiome

Radiation

Apoptosis

Tumor cell
Genome/nutrigenome
Transcriptome
Proteome
Metabolome
Lipidome

Rada faktor( (chronicky zanét,
vyziva - lipidy, sloZzeni matrix,
medikace, bakterie, zareni)
ovliviuje zakladni molekularni
drahy a tim i délku Zivota,
proliferaci a apoptozu enterocytd.

Tyto drahy a molekularni entity
(genom, transkriptom atd.) urcujici
chovani bunék jsou vystaveny
bunécnému stresu a funguiji
jako modifikatory. Podobné jsou
ovliviiovany i stfevni kmenové
buniky.

Aberantni modifikace hraje
dtlezitou ulohu v CRC.

Nutrigenom nadorovych bunék
odrazi modifikaci genomu bunék
slozkami diety a expresi tzv.
modifikatorovych gend.

Gassler N. et al. World J Gastroenterol 2010, 16:820



Uloha zanétu v karcinogenezi

/ ‘ Cellula: Stress \

‘ Innate Immunity ‘ “ = Adaptive Immunity

N\

it
v v ! 4 |

Oncogene | | COX2+ PGE2 | | NOS2, NOe, NFB Pro-inflammatory || Anti- '“f'a"'_"'“at‘“\'
Cytokines Cytokines

Activation and RONS
m WNT pS3 activation VEGF, INK, TRAF1,

j, TRAF1, CXCR4, TNFa

—- J%K/STAT Protein Damage‘ p38 activation ‘
signaling INFLAMMATORY MEDIATORS

- ()- T~
Tumor Promotion:

: : . Tumor Suppression:
Cell proliferation, Cell The overall balance of inflammatory g PP
; : . . . . o Apoptosis, Cellular
Survival, Angiogenesis, || signals determines if conditions are Lvsi
Genomic Instability, favorable for oncogenesis seneseence, y_srs,
: Immuno-surveillance
Metastasis

Chronicky zanét méni hladiny zanétlivych mediator( véetné COX-2, RONS a
zanétlivych cytokind a aktivuje protoonkogeny.

V zavislosti na spolecnych funkcich a rovnovaze zanétlivych mediatord mize
zanétliva odpoved’ nador bud’ podporovat nebo plsobit protinadoroveé.

Schetter AJ et al. Carcinogenesis 31:37, 2010



Bakterialni regulace kmenovych bunék
a tvorby nadoru ve strevé

Sun J, Cancers 2011




Zavislost pusobeni NO na funkénim stavu p53

Wild-type P53 Mutant P53
Inflammatory Inflammatory
‘ Stimulus ‘ Stimulus
/-I
| P38 |e=| NOoe |-»| paxt | <® | Noe |=»| pakT |
| nme || HFie | [ ovaDamage ||| [T N8| [ HiFla | | DNADamage |
| ; l |
[ coxz |[ weer | | cox2 || veer | | oncogene
activation or
‘ tumor
P53 targets (e.g. EGFR, p21 WAF1, p suppressor
TGFa, PCNA, BAX, FASL, PTEN, PUMA) Angiogenesis inactivation
Activation of tumor suppressor P53 leads to Lack of the P53 negative feedback loop leads
growth arrest, DNA repair, apoptosis and/or to increased angiogenesis, cell proliferation,

reduced anti-oxidative and -nitrosative increased DNA damage and reduced cell
@for an overall anti-carcinogenic efy @ for an overall pro-carcinogenic affy

Zanét vyvolany produkci NO mize byt pro- i antikarcinogenni v zavislosti na funkénim
stavu nadorového supresoru p53.
Funkcni p53 — NO podporuje stabilizaci p53 — negativni zpétna vazba — redukce NOS a NO —
nadorove supresivni Ucinky.
Nefunkéni p53 — nadprodukce NO — pronadorové podminky — aktivace protoonkogend,
inaktivace supresort, zvySena bunécna proliferace a angiogeneze

Chetterl AJ et al. Carcinogenesis 31:37, 2010




Cytokiny a signalni drahy

Uloha cytokinti

Dllezité endogenni faktory ovliviujici kolorektalni karcinogenezi

TNF-family (TNF-q, Fas ligand, TRAIL — TNF relating apoptosis inducing
factor)

TGF-family (TGF-B)

EGF — epidermalni rlstovy faktor

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

*multifunkcni cytokin

jeden z hlavnich mediatort zanétu

*TNF-a je produkovan makrofagy a dalSimi burikami imunitnihp systému
koncentrace TNF-a v kolonu je zvySena béhem chronického zanétu
(ulcerativni kolitida nebo Crohnova choroba)

«Uloha v nadorové kachexii

-existuje interakce mezi cytokiny a dietetickymi faktory — mastné kyseliny a
eikosanoidy
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P
(Smad-2/3) —> (Smad-2/39

1/

(smad-2/3
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jadro

TGF-B signalni
komponenty

Uloha v kolorektalni
karcinogenezi

TGF-B

ztrata citlivosti nadorovych bunék
kolonu k r@stoveé inhibi¢nim
ucinkm TGF-B

antisense TGF-B1 zvysSuje tumori-
genicitu lidskych nadorovych
bunék kolonu

TGF-BRII

mutovany v nadorech kolonu a
v nadorovych liniich odvozenych
od kolorektalniho karcinomu

s mikrosatelitni nestabilitou

obnoveni exprese RII m{ze zvratit
transformovany fenotyp

Smad2

mutovany ve sporadickém
kolorektalnim karcinomu

Smad3

u Smad3-/- mysi se vyviji
metastazujici kolorektalni nador

ztrata heterozygotnosti ve dvou ze
17 zkoumanych nadort (1
sporadicky a 1 HNPCC)

Smad4

inaktivace Smad4 v APC mysSich
posiluje nadorovou progresi

mutovany v lidskych nadorech
kolorekta /in vivo

mutovany u familial. juv. polypdzy




Regulace (deregulace) transkripénich faktoru

u strevnich bunéek

Wnt Signalling
ol oo o - AWat |- \ P
| x(:'...\'r\' utllny ‘:,‘l(‘mm % i l/\ Nn
AP d pay
(APCy -\ R-SMAD )
Axin » f-cat) » v
| Ck1 gsk B-cat) .Co-SMAD
\ f-cat
B-cat / fi-cat
+
Grouchy B-cat) N
TCF % TCER [ =
IPLSITAFN VIV /N 7

Differentiation Crypt prohferatuon Multiple ectopic crypts

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; B-catenin accumulates and binds to Tcf in the
nucleus to activate transcription of Wnt target genes. (Center) Type |

BMP Signalling Bmp

Notch Signalling

\Bmpy N
i \r'j Uil || Notch
( ®|® b [ ;‘ ] “ Ml
N Jnico
5o
+ St ol
) P NIC
j® cSth cstal—
N APATAR PSP AR SRS N/

Normal crypt formation

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 ?NICD), which travels to the nucleus,
where it complexes with the transcription factor CSL to activate Notch
target gene transcription.

Draha Wnt — bez stimulace vnéjSim faktorem Wnt - normalni degradace beta-kateninu — zadny

signal

Draha BMP — absence signalu sekretovanym faktorem BPM — nedochazi ke spojeni receptort I

a IT — zadny signal

Draha Notch — bez vazby Notch receptoru na ligand vazany k bunce nedochazi k proteolyze a
uvolnéni vnitrobunésné domény NICD- zadny signal

Radtke F,Clevers H, Science 2005



Fungovani signalni drahy beta katenin - Tcf/Lef v
normalni a Apc -/- krypté

intestinal lumen

wild-type crypt Apc’ crypt
- f I | 7 7 " 1 \
L) By Peegiieriet B

cell cycle arrested,
differentiated cells

proliferating,
undifferentiated
progenitors

B-catenin: Tcf/Lef
target genes
induced by Wnts

APC or B-catenin
mutation: progenitor-
like phenotype; site of
future polyp formation

stromal
cells

bottom of crypt
Figure 7.24a The Biology of Cancer (© Garland Science 2007)



Normalni stav

Regulace transkripce
drahou beta-
kateninu.

Komplex APC, axin
GSK3

Fosforylace a
dgradace beta-k.

Model signalt drahy Wnt

no Wnt signal :
Fzd
LRP :
:
i
H
i
i
i
i
Ubiquitin-dependeant Muclear translocation

degration

—3» gene
induction

] T P e TR

Figure 2. A model of Wnt signaling. In the absence of Wnt
ligand (left panel) APC, Axin and GSK3 lorm a complex that
results in p-catenin phosphorylation and degradation. Binding
of Wnt to the Frizeled receptors (right panel) resulls in
stabilization ol f-catenin that then accummulates in the nucleus
where 1t associates with LEFI/TCF transcription lactors lo
regulate gene expression.

Podpora
karcinogeneze

Deregulace:

Vazba Wnt na Frizzeled
receptory

Stabilizace beta-k.
Akumulace v jadre
Aktivace LEF1/TCF
transkripcnich faktor(



Schéma Wnt/beta kateninové drahy

e

Inaktivni draha W‘"t Aktivovana draha

Frizzled Frizzled

©
o
o
=1

Figure 1. Schematic of Wnt/B<catenin pathway. (Left) In a naive cell, f-catenin, when produced, binds to the APC/Axin complex, and is phosphorylated first
by CK1c, then by GSK3p. This phosphorylation leads to inactivation. The Tef factor in the nucleus is bound by Groucho, a member of the Grg franscription
factor family, which inhibits franscription. p-catenin also has a role in cellcell adhesion, forming a complex with actin, f<atenin and E-cadherin to form a
desmosome. (Right) In conirast, when Wht is present, it binds to the Frizzled/LRPé receptor complex, activating Disheveled (Dsh), which acts fo inactivate
B-catenin degradation, either through sequestering Axin or through inactivation of GSK3p. The accumulation of B-catenin in the cell allows for accumulation

in the nucleus, allowing B<atenin to bind to Tcf and aclivate franscription.
Timp W. et al. Cell Cycle 8:383, 2009 m




Aktivace transkripce onkogenu beta-kateninem
prostrednictvim LEF/TCF

Cytoplasm

Nuclear pore

complex

B-catenin Nuclear envelope

LEF/TCF 4
B-catenin 2

3
g \
(o

Decreased
DNA bending
Pontin52 l
Transcription ;:f Transcription of
Target genes OFF Target genes ON
L - c-myc
- cyclin-D1
Nucleus - matrilysin
- c-jun
- c-fra-1




Obnova strevniho epitelu a jaderné receptory

RXR/RAR
VDR

ERB
PPARy

A B A

RXR/RAR
VDR
ERB

PPARy

[@ ] Mature cells Progenitor proliferating cells @ Stem cells

Hladina jadernych receptor{

v rliznych kompartmentech tlustého
(A) a tenkého streva (B).

LRH-1 — liver receptor homology
TR — thyroid hormone receptor
RXR/RAR - retinoid x
receptor/retinoid acid receptor
VDR - vitamin D receptor

ER — estrogen receptor

PPAR — peroxisome proliferator-
activated receptor

Receptory tvori homo- nebo
heterodimery (napr. PPAR-RXR)

D’Errico I and Moschetta A Mol Cell Life Sci 2008



Exprese jadernych receptort
béhem vyvoje nadort kolonu

Normal epithelium Hyperproliferative epithelium Colon carcinoma
Aberrant cryptic foci

ERD

TRal LRH-1
PPARp
RXRa—P
PPARy?

TP53 — tumor protein 53
SMAD2 - Small mothers against decapentaplegic homolog 2

- D’Errico I and Moschetta A Mol Cell Life Sci 2008 a



Faktory vnéejsiho prostredi

7y \Vm

* Vyziva

-celkovy kaloricky prijem a frekvence prijmu potravy

«obsah a kvalita tukl v potravé (plsobeni zlu¢ovych kyselin, obsah a
kvalita nasycenych a nenasycenych tukd, lipidova peroxidace, zvysena
tvorba prostaglandind)

«ochranny vliv vlakniny (vazba karcinogen, zkraceni doby tranzitu
strevem, snizeni pH)

vitaminy a dalSi mikrokomponenty Zivin (vit. A, C a E a selen jsou
antioxidanty)

<konzumace alkoholu a kavy

koureni (hlavné doutniky a dymky)

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

«konzumace masa a vajec (vyssi konzumace je rizikova — veprové, hovezi,
jehnéedi)



< Fyzicka aktivita

‘nedostatek je rizikovym faktorem

-predpoklad modifikace diety s vysokym obsahem tukl

< Profesionalni faktory

-profese zdrojem latek zvysujicich riziko nadorl kolorekta
(zejména kovopriimysl, automobilovy a drevarsky priimysl)
% Vek (zvyseny vyskyt s vékem)

< Neefektivni imunitni systém




Umrti na nadory spojena s dietou .




Bioaktivni slozky potravy

Ve vSech stadiich rozvoje karcinomu se mohou uplatiovat bioaktivni
slozky potravy Mohou jak brzdit tak stimulovat progresi jednotlivych

stadii
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Bioactive Food Components

Tammarielo AE and Milner JA J Nutr Biochem 21:77, 2010




CHEMOPREVENCE

Ultimate
Procarcinogens,  carcinogens,
peroxides ROS
OT’ O
Prefmv?:;md Scavenging of_ intermediates
Anflaiideiive Blfects Inhibition of metastasis
Prevention of proliferation Prevention of proliferation
Reduction of toxification Enhancement of differentiation ~ Enhancement of differentiation
Induction of detoxification and apoptosis and apoptosis

¥ Promotion
R T~

vl Il

Initiated cell
surrounded by
Normal cells normal cells Preneoplastic cells Neoplastic cells

Fig. 1. Different phases of chemoprevention. Primary prevention inhibits the initiation of cells by reducing toxification or inducing detoxification. Secondary prevention
describes the reduced promotion of initiated cells to preneoplastic cells by preventing proliferation and/or inducing apoptosis or differentiation. Therapy focusses on limiting
progression of cells from preneoplastic to neoplastic status (ROS, reactive oxygen species).

Scharlau D et al Mutat Res 2009




Chemopreventivni latky
Antioxidanty; vapnik; selen; folat, atd.
Vlaknina - Mastné kyseliny s kratkym retézcem (SCFA)

«C2-5 organické mastné kyseliny (acetat, propionat, butyrat)

vznikaji bakterialni anaerobni fermentaci vlakniny a Ucastni se regulace
funkci a cytokinetiky v kolonu

butyrat - vyznamny pro udrzeni homeostazy ve strevni tkani regulaci
exprese genl spojenych s regulaci proliferace, diferenciace a apoptdzy
(microarray analyza — zmény exprese 19 400 gend), inhibitor histon
deacetylaz (HDAC), exportni protein MCT1

butyrat slouzi jako zdroj energie pro normalni kolonocyty a indukuje
diferenciaci a apoptozu neoplastickych kolonocytl /in vitro a in vivo
Nesteroidni protizanétlivé latky (NSAIDs) —aspirin, ibuprofen, indometacin,
coxiby



e\ @2 4" L mikrobialni p ’
/"% ,»‘ | Vlaknina ‘ fermentace ‘ Butyrat sodny
/ Mastné kys. s kratkym retézcem 0

Na O )K/\CH

ovlivnéni genové exprese
deacylace histon(

Rozdilné ucinky .

Psyllium

Nadoroveé bunky kolonu

= snizeni proliferace
= indukce diferenciace
= indukce apoptozy

normalni kolonocyty

= zdroj energie
= zvysSena proliferace
= omezena apoptoza

@ ALKALINE PHOSPHATASE

- E-CADHERIN PROTEIN
/// F-ACTIN (Stress fibers)

Growth isr‘1hibition
cell arrest in G1-phase of the cell >

Proliferated

TIME OF BUTYRATE TREATMENT

PViiv na karcinogenezi kolonu !



Vliv folatu - uéinky poskozeni DNA, reparace a metylace
na karcinogenezi kolonu

JDietary Folate l' Dietary Folate

.. Uracil
misincorporation | pHE 5,10- meth lene TH
5- methyITHF
dTMP CH”'"
5,10-methylene THF —5,10-formyl| THF Homocystelne
Pyrimidine biosynthesis|| Purine biosynthesis / \4
SAH Methionine

(thymidine) (adenosine, guanosine)

l | |

J DNA synthesis J} Proliferation J DNA repair

\SAM/

Gene silencing

* (control of transcription) DNA methylation
85
G S A
A ——
R TN ;

Protooncogene Hypomethylation

activation

Carcinogenesis

folate, 5.10-formyl THF 5,10-formyltetrahydrofolate, 5-methyl THF

Fig. 1 Folate and one-carbon metabolism: regulation of DNA synthesis,
5-methyltetrahydrofolate, S4M s-adenosylmethionine, SAH s-

repair and methylation. A simplified scheme describing how dietary and
cellular folates mediate normal DNA synthesis, repair and methylation
and how folate depletion impacts on these processes. DHF dihydrofolate,
THF tetrahydrofolate, 5, 10-methylene THF 5,10-methylenetetrahydro-

adenosylhomocysteine, MTHFR methylenctetrahydrofolate reductase,
dUMP deoxyuridine monophosphate, TMP thymidine monophosphate,

TS thymidylate synthase

Duthie SJ J Inhertit Metab Dis 2010
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Metabolismus kyseliny arachidonoveé
(AA, 20:4, n-6)

Mechanismy plsobeni vysoce nenasycenych mastnych kyselin (PUFASs)
zahrnuté v kolorektalni karcinogenezi

Preména AA katabolizovana cyklooxygenazami, lipoxygenazami a
monooxygenazami typu cytochromu P450

Cyklooxygenaza 2 (COX-2)
u kolorektalnich karcinom{ je zvysena exprese COX-2 a mnozstvi produktu
prostaglandinu E2 (PGE2)

PGE2

-stimuluje rdst a inhibuje apoptdzu nadorovych bunék.

-plsobi na funkce imunitnich bunék (imunosuprese) a ma prozanétlive
ucinky
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COX-2 a snizuji zanét a riziko kolorektalnich nadorl

Lipoxygenazy - LOX (5-, 12, -15)
U kolorektalnich karcinom{ zvysené zejména produkty 12- a 15- LOX
(hydroperoxykyseliny —HPETE)

Produkty AA mohou ovlivhovat
cytokinetiku, adhezivitu a invazivitu

Zmeény genoveé exprese - aktivace specifickych transkripcnich faktord
(PPARs, NFkB, AP1)

Ué&inky lipidové peroxidace (LP)

Produkty LP mohou mit genotoxické ucinky a mohou ovliviiovat bunécny
cyklus.

Béhem LP jsou produkovany reaktivni kyslikové radikaly (ROS), které
mohou napt. aktivovat NF-kB



D Schéma hlavnich enzymi, metabolitl a receptori premény AA

LA y@@ DA HSARSIRUASBIAAAA

AA
-LOX
120X CYP-P450
8).

g

LTB, LTC, &-HETE HETEs EETs
LTD, 12-HETE
PGD, PGE, PGF,, PGI, TxB, LTE, 15-HETE
DP,, EP,, FP IP TP BLT, CystLR, ? # ?
BLT, CystlLR,

PPARs

nuclear extracellular
receptors receptors
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Drahy premény kyseliny arachidonové v prostaglandiny

Dietary Polyunsaturated
Fatty Acids (DHA, EPA)

Phospholipids

Uloha COX-1 a COX-2

17R-hydroxy series of
=~} docosanoids (Resolving)

\ 15R-HETE— 15-epi-lipoxins

Arachidonyl Ethanolamide
{Anandamide)

_ PG and TX glycerol esters
€ox-2 and ethanclamides

Arachidonic Acid

9
T)?éz WWH E-uﬁ Hmﬂ‘-““ H%::Pﬁﬂa
“ ' PGD,

O
PGF,,
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Konstitutivni COX-1 a inducibilni COX-2 izoenzym

1 cytokines, growth factors

mor promoters
Platelets (_) COX-2 e’
Endothelium( _ COX-1 i

-——
Gl tract Constitutive NSAIDs Inducible

idne /
il AN N Y
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Figure 1. COX isoforms include constitutive COX-1 which is
involved in normal tissue homeostasis and inducible COX-2
which is 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-1 zajist'uje tkanovou homeostazu,

COX-2 zvySena v mistech zanétu a u kolorektalni neoplasie
NSAIDs inhibuji obé izoformy, selektivni inhibitory COX-2;

TxA2 - tromboxan



COX-2 je nadmerné exprimovana u 40-90% kolorektalnich
adenomd a u 90% adenokarcinomd

Fig. 2 COX-2 expression in tumoral cells and superficial intersti-
tial cells (arrows) in a well differentiated colon adenocarcinoma.
Immunohistochemistry, x200

Renehan A.G. Et al,, Colorectal Disease 4, 2002:76-89




Zvysena exprese COX-2 u nadoru

Table 1. COX2 expression in malignant or premalighant
human tumours

Premalignant or malignant lesion COX2 expression (%)
Colorectal 80-90
Gastric 80
Oesophageal 70
Hepatocellular {iiver cirrhosis) 54 (81)
Pancreatic 67
Head and neck 80
Mon-small-cell lung cancer 70
Breast (ductal carcinoma-in-situ) 40 (60)
Prostatic 83-93
Bladder 86
Carvix 43
Endometrial 37
Cutansous basal cell 25
Cutansous squamous cell 80
pPPNET 100
Globlastoma multifarme 71-74
Anaplastic astrocytoma (low grade) 44 (30)

FReferences available at http:/fimage.thelancet. comyextraz/O3oncl205webfr. pdf




Draha 5-lipoxygenazy - vznik leukotrienu
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D Metabolismus AA v kontextu vzniku strevni polypozy

Glycerophospholipid
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Signalni molekuly spojené s pusobenim COX-2
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Figure 2. COX-2 and HMG-COA reductase pathway and its associated signaling molecules.

HMG-R inhibitors block the conversion of 3-HMG-CoA to mevalonate, preventing the formation of Farnesyl-PP and Geranylgeranyl-PP and
subsequently, prenylation of Ras, Raf, Rho and lamin B. HMG-R inhibitors also block cholesterol, thereby disrupting Cav-1 associated
signaling and lipid bodies. COX-2 activates -Catenin, AKT and subsequently STAT3 and NFkB. STAT3, -Catenin and NFxB then translo-

COX-2 Inhibitor \

Angiogenesis

cate to the nucleus and transcribe genes involved in survival and proliferation. COX-2 also promotes lipid body formation.

Abbreviations: NFxB: nuclear factor kB; Cyc D1: Cyclin D1; B-Cat: p-catenin; ERK: extracellular regulated kinase; AKT: also known as
protein kinase B (PKB); STAT3: signal trandsducer and activator of transcription; Cav-1: caveolin-1; EGFR: epidermal growth factor receptor;
IGFR: insulin growth factor receptor; TM: transmembrane protein; LB: lipid bodies; PL: phospho lipids; AA: arachidonic acid; COX-2:
cyclooxygenase 2; VEGF: vascular endothelial growth factor; INOS: inducible nitric oxide synthase; ilk: integrin linked kinase; ROCK: Rho

kinase: MEK: MAP kinase.

Guruswamy S And Rao Ch.V. Gene Regulation and Systems Biology 2008:2 163-76




D U¢inky COX-2 a vztah k apoptoze v tlustém stfevé

ovliviuje drahy signalové
transdukce pti adhezi, rlstu

vedlejsi ucinky na zaludek 3 diferenciaci 1‘
T kyselina arachidonova > prostaglandiny
NSAIDs inhibuje > indukovano u
| adenokarcinomu
l COX-1
snizeni rizika kolorektalnich ‘
nadord/ redukce tvorby nadorl COX-2 s inhibuje apoptdzu
kolonu A zvysuje bcl-2
snizuje E-kadherin a
adhezi

zvysena apoptoza s FAP

cytokiny, rlistové faktory,
hormony a nadorové
promotory
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Fig. 2 A schematic diagram of the inflammatory microenvironment
in gastrointestinal tumor tssues. Bacterial infection or endogenous
ligand activates the Toll-like receptor (TLR)/MyDS88 pathway in
epithelial cells, which further activate stromal macrophages inducing
CCL2. In the activated macrophages, NF-xB induces the i

angiogenesis
survival
Wnt promotion

network, and PGE, accelerates angiogenesis. cell survival, and Wnt
activation. TNF-x activates NF-xB in both epithelial cells and stromal
macrophages, whereas TL-6 activates Stat3 in epithelial cells through
£pl130. NF-xB and Stat3 play an important role in the promotion of

i i is and ion of

of COX-2, IL-6, and TNF-z iwself. The COX-2/PGE, pathway is
important for the construction and maintenance of the inflammatory

Oshima H. and Oshima M. , J. Gastroenterology 47, 2012:97-106
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Fig. 3. The vast surface area of 250 m2 of the intestinal compartment is colonized by a diverse community of trillions of commensal
bacterial cells (orange) and lined by mucosal epithelia (mucosa) unique in structure and function to each region of the Gl tract...

Matthew R. Redinbo

The Microbiota, Chemical Symbiosis, and Human Disease

Journal of Molecular Biology, Volume 426, Issue 23, 2014, 3877-3891

doi.org/10.1016/j,jmb.2014.09.011




The vast surface area of 250 n¥ of the intestinal compartment is
colonized by a diverse community of trillions of commensal
bacterial cells (orange) and lined by mucosal epithelia (mucosa)
unigue in structure and function to each region of the GI tract.
Local exchange across the mucosa is indicated by small arrows.
Distinct from the other major mucosal tissues presented here,
materials absorbed from the intestinal compartment pass via the
portal vein to the liver (red) prior to potentially reaching
systemic circulation. Furthermore, this compartment is also
distinct in having two major input sources, the food and other
materials from the oral cavity, and the liver-generated bile (blue)
and other secretions from the local organs such as the pancreas
and gall bladder. Features associated with the microbiota and
diet and obesity, cardiovascular disease (CVD), inflammation,
and drug toxicity are highlighted. Some links to the unique roles
the bile and liver play in sending and receiving, respectively,
material from the GI are noted. As indicated, the GI microbiota
also impact the other compartments considered via the immune
system.



COX-2 i 5-LPO stimuluji bunéénou proliferaci,
inhibuji apoptézu a indukuji neoangiogenezi

Cancer cell
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. Romano M and Claria J.,, FASEB J 17, 2003.:1986-1995




ULOHA 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

T Mi . [ -positive feedbacks increase the
Migration secretion of pro-inflammatory
T Permeability molecules

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 IL-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.

Interakce mezi nadorovymi bunikami, endotelidlnimi burfikami a infiltrujicimi buikami imunitniho systému pri
zanétu v misté nadoru. Pozitivni smycka pres EP receptory zvysuje expresi COX-2 a produkci PGs. Ty zvysuji
produkci proangiogennich faktorl — neovaskularizace. V zanétlivych burikdch PG stimuluji produkci prozanétlivych
cytokinl — IL-2 — amplifikace zanétlivé odpovédi. Podpora proliferace a migrace endotelidlnich bunék — vytvareni
cesty pro invazi.

Zha S et al, Cancer Letters 215, 2004:1-20



Mechanismy Gc¢inkd COX-2 na vyvoj kolorektalnich
nadoru:

Ucinky nezavislé na produkci prostaglandint (PGE2):
Aktivace karcinogent

*Produkce malondialdehydu

‘Redukce hladiny volné AA

Ucinky zavislé na produkci PGE2:
Indukce bunécné proliferace
-Inhibice apoptozy

*Indukce angiogeneze

Zvyseni bunécné motility

Zvysené metastatického potencialu
Indukce lokalni imunosuprese




Komunikace mezi ruznymi typy bunék se zvysenou
expresi COX-2 podporuje karcinogenezi

Cell-autonomous effect Landscaping effect

Paracrine mechanism

TN

‘ B ~ Stromal cell

o
Pes © /

Q o Autocrine o VEGF

PGs o \—nfc}hanism o °>

l Cancer cell

Apoptosis
Cell migration Endothelial cell
Immunoregulation l
Aromatase modulation
EGF modulation Angiogenesis

Figure 3. COXZ2 |s overexprassad in several cell types, such as macrophages, synoviocyfes,
fibroblasts, osteoblasts, fumour endothelial celis, and “activated™ endothellal cells, and may
contribute to tumour growth through several mechanisms: COX2-dependent -prostagiandins can
stimulate intraceliular receptors (intracring mechanism), seif-prostagiandin membrane receptors
(autocrine mechanism), and prostaglandin meambrane receptors of different cells, such as
endothelial cells, with proanglogenic effects (paracrine or landscaping effect).

Gasparini G. Et al. The Lancet 4, 2003:605-615

ZvysSena exprese COX-2 u
fady bunécnych typl —
makrofagy, fibroblasty,
osteoblasty, endotelidlni b. —
podporuje rlst nadoru fadou
mechanismu:

PGs zavislé na COX-2 stimuluji
vnitrobunécné receptory
(intrakrinni mechanismus),
PG receptory (autokrinni
mechanismus) a

PG receptory jinych bunék -
endotelialni b. —
proangiogenni efekty
(parakrinni mechanismus)



PGE,
l Znameé signalni drahy souvisejici
Ep receptors s onkogennimi u¢inky PGE2
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Predpokladany mechanismus ucinkl zvySené exprese EP receptoru

Adenoma
Regresses as
= carcinoma progresses

Carcinoma Cell surface

AC ——— l:::g;_,,_@
'/“ ATP l

cAMP ERK-1/2

O)

Anchorage independent growth

Growth at high PGE , concentrations

Fig. 8. A proposed mechanism for how increased expression of a specific EP receptor may [acilitate colorectal tumorigenesis, possibly via a positive feedback loop
involving enhanced COX-2 expression. We have previously observed that when low COX-2 expressing colorectal tumour cells (such as adenoma cells) are exposed to
high doses of PGE- their growth is inhibited, whilst high COX-2 expressing carcinoma cells are growth stimulated [152]. This could suggest that a more normal
colorectal epithelial cell EP receptor expression profile is biased toward growth inhibitory signals at higher PGE; levels. However, in order to proliferate in response to
increasing doses of PGE,, cells require a predominant growth signal (such as EP4-mediated ERK-1/2 activation). It is therefore possible that increased EP4 receptor
expression/signalling (possibly via transcriptional upregulation, activating mutation or chromosomal amplification), may not only be required for PGE,-mediated

growth responses in colorectal carcinoma cells, but may also be responsible, at least in part, for PGE, upregulation. This may result in a positive feedback loop,

applying a selective pressure for the survival of those cells with the highest EP4 receptor expression, and hence perpetually accelerating carcinoma growth in an

autonomous manner whilst simultaneously inhibiting normal or adenoma cell growth. It is therefore interesting to note the positive correlation between the stage of an

intestinal tumour, the level of its COX-2 and mPGES expression, and its capacity to produce PGE,

Zvysena exprese specifickych receptorll pro PG (EP4) usnadnuje kolorektalni
karcinogenezi - vznik pozitivni zpétné smycky zvysujici expresi COX-2.

Normalni b. — nizka exprese EP, nizka exprese COX-2, - inhibice rlstu pfi vysoké konc. PGE2
Nadorové b. — zvySena exprese EP4, zvySena exprese COX-2 a tvorba PGE2 - rlstova stimulace

Chell S. et al BBA 1766:104, 2006



EP2 Signalling EP4 Signalling

Prenos signalu receptoru @ @ s
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Fig. 6. EP2 and EP4 receptor signal transduction. The EP2 and EP4 receptors activate adenylate cyclase activity through binding Gs proteins. This leads to the
stimulation of cAMP production and in tum the activation of the cAMP-dependent protein kinase, PKA. The subsequent activation of the CREB transcription factor
induces cAMP-response element ( CRE)-dependent gene transcription. In parallel, the EP2 and EP4 receptors can also activate the Tell Lef signalling pathway through
PKA-dependent and -independent mechanisms, respectively [65,140]. Evidence is also presented that EP2/EP4 receptor activation can stimulate the Tef/Lef signalling
pathway independently of APC [65]. Although it is interesting to note that EP2 receptor mediated cAMP increases (being up to 10 times greater than EP4-mediated
cAMP increases to the same doses of ligand [123]) impair MAP kinase activation through direct inhibition of Raf, whereas the EP4 receptor is known to have PI-3-K
dependent effects on Akt and ERK-1/2 activation [110]. Unlike EP4 recepior signalling, the EP2 dependent pathway is therefore also thought to inhibit expression of
the immediate early genes c-Jun and JunB, an effect thought to be downstream of Raf inhibition, as well as EGR-1, which can regulate the expression of genes
including PGES, tumour necrosis factor-a (TNF-a) and cyelin-D1 [110]. Amrows indicate activation by phosphorylation, blocked arrows indicate inhibition of
phosphorylation, and dashed arrows indicate translocation. [lustration modified from [110].

Chell S. et al BBA 1766:104, 2006



D Nesteroidni protizanetlive latky
antiflogistika (NSAIDs)

Inhibitory COX-1 a COX-2

TABLE 1.

Structural class

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,

SC560

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




Selektivita ruznych inhibitoru cyklooxygenaz

Inhibitory COX-1 i COX-2 (ibuprofen, flurbiprofen, ketoprofen,
indometacin, kys. acetylsalicylova — aspirin)

Selektivni inhibitory COX-2 (coxiby —rofecoxib, celecoxib, meloxicam,
nimesulide)
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(Moore B.C. and Simmons D.L., Curr Medical Chemistry 7, 2000:1131-1144)



Schematické drahy nékterych funkénich efektu
inhibice COX-1 a COX-2
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Warner T.D. and Mitchell JA, FASEB J 18, 2004.:790-804



Srovnani uc¢inku selektivnich inhibitord COX-2
s ostatnimi NSAIDs

TABLE 2.
COX-2-selective agents compared to traditional NSAIDs
Therapeutic indication
inflammation equi-effective
pain (arthritic, inflammatory, surgical) equi-effective
Other bereficial 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




Mechanismy ucinkt nékterych NSAIDs

No Mechamism NSAID (concentration) Cell line system Reference
1 Accumulation of AA causes apoplosis Sulindac (200 uM), indomethacin HT29, HEK293 [141]
(300 uM)
2 Serve a3 ligands for PPARy [ndomethacin (40 uM), flufenamic acid  Fibroblast [143]
(100 uM), fenoprofen (100 uM), ibuprofen  (C3HIOTI/2)
(100 uM)
3 [nhibits PED Sulindac sulfone (165 M) SW430 140
4 [nhibits I-k B kinase i Aspirin, sulindac sulfide, not indomethacin -~ HCT16, Cos, etc. | 146]
5 Blocks DNA binding of PPAR &/p Sulindac sulfide (100-250 puM) HCT116, SW480 | 136)
b Suppresses Bel-xl Sulindac (120 uM) HCT116 [137]
1 Blocks Akt activation Celecoxib (25-50 uM) PC-3, LNCaP 1147




Molekularni mechanismy COX-2 a NSAIDs
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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, notall 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.

. Zha S et al, Cancer Letters 215, 2004:1-20
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