HLAVNI MECHANISMY TOXICITY CIZORODYCH LATEK
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HLAVNI MECHANISMY TOXICITY XENOBIOTIK

,,PFimé‘“ mutageny / genotoxiny; metabolicka aktivace promuta-
genu, adukty s proteiny a DNA, chromosomalni aberace;
oxidativni stres - oxidativni poskozeni DNA

Mechanismy nadorové promoce — (hnegenotoxické) modulace
intracelularni signalni transdukce a zmény genové exprese,
oxidativni stres aj.

AhR-dependentni (dioxinova) aktivita
Dalsi receptor-dependentni mechanismy endokrinni disrupce
(napr. estrogenita)

Inhibice mitochondrialnich funkci (respirace, syntéza ATP, ale
také apoptoéza)

Neurotoxicita, imunotoxicita, poruchy metabolismu
endogennich latek atd.
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HLAVNi MECHANISMY TOXICITY XENOBIOTIK
NA BUNEGNE UROVNI (jsou vysledkem

molekularnich procesu v buince a na povrchu
bunky)

Modulace bunééného cyklu, zvysena proliferace bunék,
modulace diferenciace, inhibice apoptézy

Disrupce mezibunéénych spojeni (gap junctions, adherens
junctions,...) /

Cytotoxicita, indukce apoptozy

Prezivani, transformace bunék (komplexni mnohastupnovy

proces iniciace, promo¢ni mechanismy — de/diferenciace,
angiogeneze, ...)




'H‘H GENOTOXICITA — METABOLICKA AKTIVACE
POLYCYKLICKYCH AROMATICKYCH UHLOVODIK

Hlavni enzymy metabolické aktivace PAHSs:
CYP1A1, CYP1A2, CYP1B1




I|”H| GENOTOXICITA - METABOLICKA AKTIVACE

POLYCYKLICKYCH AROMATICKYCH UHLOVODIK
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IIHH DETOXIKACE POLYCYKLICKY’CH AROMATICKYC
UHLOVODIKU:

Protektivni uloha GST, UDPGT aj. enzymu 2. faze biotransformace

Glutathione-S-transferase




'H‘H GENOTOXICITA — METABOLICKA AKTIVACE
POLYCYKLICKYCH AROMATICKYCH UHLOVODIK
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"I”H GENOTOXICKE EFEKTY PAHs
A POSTGENOTOXICKE SIGNALY

Metabolicka aktivace — cytochromy P450 (CYP1A1, CYP1A2, CYP1B1)
+ alternativni draha (AKR1C9, AKR1A1)

L J CYP-Pere

Y ‘r J‘ it ’Hrj]—-::;’m: e

4+~ .

BP
CYPILAL/CYP1B1

l Epoxide Hydrolase

Oxidativni stres

Oxidativni
poskozeni DNA
(oxidace bazi,
Stabilni adukty apurinova mista)

DNA-PAH




'|I|H GENOTOXICKE EFEKTY PAHs A
POSTGENOTOXICKE SIGNALY

2. DETEKCE POSKOZENI DNA (stabilni adukty DNA s metabolity PAHs)

A B

DBalP 0.1uM DBaeP 10uM BgChry 1uM Metoda 32P-postlabeling:

expozice bunék, izolace DNA,

digesce a znaceni 32P,
‘ o _ TLC, detekce radiograficky
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A POSTGENOTOXICKE SIGNALY

3. " POSTGENOTOXICKE SIGNALY (sensory pos$kozeni, regulatory
DNA ,,repairu“ a apoptozy)

|I|\H|| GENOTOXICKE EFEKTY PAHs
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"I|‘H| HLAVNI TYPY POSKOZENI DNA (,,bulky adducts®)

UV zareni:
dimerizace

Alkylace (methylace)
=0 — -0OCH,

Vznik ,,bulky adducts*

Bulky group addition
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'H‘H GENOTOXICITA - METABOLICKA AKTIVACE
BENZIDINU:
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N-(2-carbamoylethyl)- ,
valine (AAVal) valine (GAVal)

I”H
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N7-(2-carbamoyl-2-hydroxyethyl)-
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Peroxidation
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Prostaglandin
Endoperoxides
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OXIDATIVNI POSKOZENI DNA
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(A) Deamination

"Im” HLAVNI TYPY POSKOZENI DNA (,,apurinic sites)

Oxidativni deaminace

HC L
“‘1"'-‘::-N T =

Adenine Hypoxanthine
(B) Depurination
Depurinace
(nestabilni
modifikované
nukleotidy)

DA chaimn

dGMP
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||”H||| PRODUKTY OXIDATIVNIHO POSKOZENI DNA

thymine glycol 5-hydroxymethyluracil
Biomarker
oxidativniho
poskozeni
DNA
(stanoveni
HPLC)

6-hydroxy-5,6-dihydrocylosine  5-hydroxyuracil uracil glycol




I|”H| METABOLICKA AKTIVACE TETRACHLORMETAN

METABOLICKA AKTIVACE CCL, JATERNiMI
CYTOCHROMY P450

o
cel, %» ccl,” : __ » ccl,—0—0"
L. _  trichlorometylovy trichloromethyl-

oxicita CCl,: Cl  radikal peroxyradikal

- alkylace, . l

- oxidativni poskozeni,

- toxicky metabolit o
(fosgen) Cl—Cc—Cli

fosgen

Ri
sekundarni radikal
(napf. lipid) kovalentni vazby na
lipidy a proteiny
¢ {napf. R-S-CCI,)

OXIDATIVNI STRES
{lipidni peroxidace)

\ /

Poskozeni membran,
inaktivace enzymu,
snizeni syntézy DNA
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I||H METABOLICKA AKTIVACE A DETOXIKACE
BENZENU:




‘ ” OXIDATIVNI STRES

je nerovnovaha mezi (zvysenou) produkci ROS a
oxidovanych metabolitti a limitovanou kapacitou antioxida¢nich
mechanismu.

- redoxni cyklovani (napr. naftochinony, adriamycin, paraquat aj.)

- vedlejsi produkty respirace a dalsSich metabolickych procesu
(prostaglandin H syntaza, diaminooxidaza, xanthinoxidaza)

- aktivace O, v cyklu P450 (napr. pomalu metabolizované substraty
CYP2B - fenobarbital, lindan)

- prfima produkce ROS (t-BuHP, cis-DPP)

- shizeni hladiny GSH (dietylmaleat)

- chorobné stavy (reumatoidni choroby, zanety...)

- radiace
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||”H||| REAKTIVNi FORMY KYSLIKU (ROS)

peroxid

C I'OXId MABTFH-cytochrome ¢ reductass) —————jm= Cytochrome P-450

\ d roxylovy LEnﬁnﬁmh reticulum
dikal o s )
e o . / L H, & 2¢
RNO, = RNO; +—* RNO ——— [ku] ————— RNHOH ————— RNH,
2H H H 2H

Aromatie nitro Mitro anion Nitroso Hydronitraxide Hydroxylamine Aromatic

compound radical compound racical primary aming
edukce 0, 0,
trosloucenin ok

Flavoproteins {aldehyde oxidasa, xanthine oxidass, DT diaphorase [NADH or NAD(PIH dehydrogenase|{quinona)] )
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GSSQa =

Loiorcato

REAKTIVNI FORMY KYSLIKU:
redoxni cyklovani chinonu / antioxidacni enzymy
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||”“||| PEROXIDACE LIPIDU

O, ‘1
Decomposition products,

LO 5; » (alkanes. alkenes, alkenals)
RH D l T CF.:1+
R’ Fe * T

Fe2+ Fe ot
Se-independent

GSSG GSH 2 GSH SH SH
peroxidase \,/l\/l\/

GST-P actlve

!

o Pl ‘\.,L/SL\.'/

GST-F Inactlve

NADFPH

GoF
dehydrogenase

&-phosphogluconate glucose 6-phosphate




DUSLEDKY OXIDATIVNIHO STRESU

OXIDATIVNI STRES

RN

aktivace
oxidativni poSkozeni DNA, transkrip€nich dalsi drahy
peroxidace lipidu, faktordt  €— (c-fos/c-jun:
oxidace proteini, GSH (AP-1, DAG — PKC)
NF-iB)

} N/

TRANSFORMOVANE BUNECNA
BUNKY PROLIFERACE

!

PROMOCE, KLONALNI EXPANZE




ENDOKRINNI DISRUPCE
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AKTIVACE AhR A NUKLEARNICH RECEPTORU

Aktivace AhR (indukce CYP1A1/1A2/1B1; modulace bun.
cyklu, imunosuprese, syndromy dioxinové toxicity).

Xenobiotika jako estrogeny / antiestrogeny
Androgeny / antiandrogeny
Peroxisomalni proliferatory

Xenobiotika modulujici thyroidni funkce
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3453 4 .-pentachlorbifenyl
(PCB)

Cl

Cl Cl

2,2'4,4'6,6'-Hexachlorobipheny

(Not coplanar)

PCB - ENDOKRINNI DISRUPTORY

Koplanarni PCB: induktory AhR
(,,dioxin-like compounds*);

efekty také na thyroidni funkce
(kompetitivni vazba

na thyroid binding protein);
antiestrogenita (efekty na ER-
dependentni genovou expresi, indukce
hydroxylace estradiolu

Nekoplanarni PCB:

- nizkomolekularni kongenery maji
estrogenni aktivitu;

- prevalentni vysechlorované PCB
jsou antiestrogenni a antiandrogenni;
- vazba na thyroid binding protein;

- vazba na RyR (neurotoxicita)
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|
|”H||| PCB — (ANTIESTROGENITA

osyntéza?

A CYP1A1 ENHANCED METABOLISM
LEADING TO DECREASED

CYP1A2 COMCENTRATIONS
CYP1B1 OF ESTROGENS IN BLOOD

VAN PCDDFF's, COPLANAR
) AND MONO-ORTHO-
etabolismu E2 CHLORINATED PCBs

inaktivace
ANTIESTROGENICITY MEDIATED
ormonu : THROUGH DIRECT INTERACTIONS
- OF THE AhR WITH iDRE, COMPETITION
OF AhR WITH ER FOR COFACTORS,
tivace/ INDUCTION OF INHIBITORY FACTORS
CYP3A4 OR INDUCTION OF ER DEGRADATION

prese ER

NONCOFLANAR PCBs

ANTIESTROGENICITY MEDIATED
THROUGH DIRECT SUPRESSION
OF ER ACTIVATION
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(PCB) — 2. FAZE

I .
|”H||| METABOLITY POLYCHLOROVANYCH BIFENYL

Methylsulfonyl-PCB - také toxicky vyznamné (vazba na GR,
modulace 2. faze metabolismu estradiolu aj. efekty)

Cl Cl cl
Cl cl
Cc Cl cl y
cl Cl
Cl Cl SO,CH,4 cl

3'-MeS0.-2,2' 4.55-pe ntachlorabipheny!
(3'-MeS0O,-CB101)
4'-MeS0,-2,2' 4,5,5'-pentachlorobiphenyl
(4'-MeSO,-CB101)

3'-MeS0.-2,2' 4,5 -tetrachiorobiphen yl
(3'-MeS0,-CB49)
4'-MeS0,-2,2' 4.5-1etra chiorobiphenyl
(4'-MeS0O,-CB49)
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NEUROTOXICITA

Inhibice acetylcholinesteraz (napr. karbamaty,
organofosfaty, ...)

Interakce s ryanodyne receptorem (RyR)
Modulace uvolnovani dopaminu

Poruchy diferenciace, ristu nervové tkané, inhibice GJIC
dalsi interakce

.Luboruiorv



|
I”H||| NEUROTOXICITA: inhibice AChE

Acetylcholine — receptor complex

pomaleni
egenerace CH: CH, @D\\

, i S
azebného mista HaG—erD —CH,—CH;0H

uvolnéni produktu tl.I)
sterazové reakce) @ L/

Acetylcholine hydrolyzed but still bound

Hydrolysis

CH,COCH

+

(CHa)sNCHzCH:0OH

B

Regenerated site (+ acetic acid and choline) Regenerated site

Product release slow

Product release rapid
——

MNormal Action of OP




I
I|”H NEUROTOXICITA: interakce s RyR
a modulace Ca2+

Ca?* Channels

K* channel Receptor i L-Type voltage ’
PIP, P Ligand gated gated (DHPR) Transmitter release

Caz store
endoplasmic reticulurp

CaM = calmodulin

CN = calcineurin

CE = calexcitin

CREB = Ca response element B
FKBP12 = major immunophilin
IPR = IR receptor

RyR2 = ryanodine receptor 2
SERCA = Ca(Mg)ATPase

early events
Altered neurotransmitter release
Altered dendritic spine morphology,
arborization
Altered synaptic circuitry
Altered learning, cognition

late events
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IMUNOTOXICITA

Obecné mohou byt po expozici xenobiotiky poruseny
vsechny typy humoralni a bunéc¢né imunity

Apoptoza vede k supresi krevnich bunék (priklad:
benzo[a]pyren je cytotoxicky v relativhé nizkych
koncentracich)

Suprese funkce a hmotnosti thymu (dioxiny, koplanarnimi
PCB aj. AhR agonisty)

Poruchy indukce protilatkové odpovedi a dalsi
mechanismy
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(metabolity zpuspbuji apoptézu leukocytil)

I|”H| MECHANISMY IMUNOTOXICITY BENZO[A]PYREN

"+ / Ca? Channel
/, 7.

i | WP Redox-sensor?
4V pap — Toroxldases | ppQs (3,6- — ", .‘7{

1,6-, or 6,12)
\P:ISI]IA or1B+EH

GSH<+—>ROS

: f / l CADTK?/v
BPQ(s
| Brpg, —— PTPase? s PTK «—» [ARAM

“BP-giol BPDE —— &

v £ P4501A/1B
AhR/ th@" A _
> &

HSP 2

Phase 1 and 2
Enzymes '

ARNT

!

DRE P4501A or 1B
MNucleus

BPDE or BPQ-DNA Adduct
EpRE [_b?

Nucleus




ZAKLADNI KONCEPT

Mnohastupnovy proces vyvoje rakoviny, komplexni
interakce genetickych, genotoxickych a epigenetickych
(negenotoxickych) faktorul. Zakladni faze karcinogeneze:
1) iniciace;

2) promoce;

3) progrese, metastaze

Faktory ovlivnujici mutagenitu/genotoxicitu a karcinogenitu
1) genetické predispozice (,,susceptibility®);

2) environmentalni faktory (chemické kontaminanty, nutricn
vlivy), kombinace 1 + 2;

3) suprese imunologickych funkci;

4) neznamée faktory
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Initiation Promotion Conversion Progression

e Defects in Terminal Differentiation
« Defects in Growth Control
» Resistance to Cytotoxicity

&K 8 v
R
A Seleclive
D : Clonal Ganatic
I Tpansi.n 4 ‘;1 Change
T N
0
N / NORMAL CELL INITIATED  PRENEOPLASTIC |  MAUGMANT CLINICAL CLINICAL
v CELL LESION TUMOR CANCER CANCER
|
- ﬂ 1
S « Activation of Proto-Oncogenes

» Inactivation of Tumor Suppressor Genes
» Inactivation of Antimetastasis Genes
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1
Il“” GENOTOXICKE KARCINOGENY reaguji s DNA a
ireversibilné pozménuji genom (bodové mutace, zmény v
chromosomalni strukture, zlomy, vymeény sesterskych
chomatid, klastogeny); interakce chemickych latek s
DNA:alkylace, oxidativni poskozeni nukleotidl, interkalace
INICIACE; mutace DNA repair, onkogent (ras, myc aj.)
a tumor-supresorovych genu (napfr. p53) - genti
kontrolujicich bunéény cyklus a proliferaci (PAHs, nitro-
PAHs, NNK aj. nitrososlouc.
NEGENOTOXICKE KARCINOGENY moduluji signalni
transdukci na postranslacni urovni - pozménéna proliferace
a diferenciace, inhibovana apoptéza predevsSim pusolk
ve fazi PROMOCE karcinogeneze (dioxiny, PCB, OCP,
azbest, kiemenny prach, keramicka vlakna, kovové ionty,
napr. Co, Mn, Ni, Cr, Be)
KOKARCINOGENY - samy nejsou nutné karcinogenni,
potencuiji aktivitu karcinogenu
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olek.
ologické
etody,
idemiolog.
udie

anoveni
nterni“

ivKy

otinin, PCB,
OH-pyren),
anoveni
nolekularni*

SUSCEPTIBILITA
polymorfismus CYP1A1, CYP1A2, CYP1B1, CYP2E1, GSTM!1,
NQO1, NAT aj. genul biotransformacénich enzymu;
DNA repair; mutace v tumor-supresorovych genech;
otazka etnik, pohlavi, véku;
komplexni vlivy spolu s nutriCnimi navyky (véetné mikronutrient
vitaminu, PUFA aj.).

ENVIRONMENTALNIi EXPOZICE
koufreni;
chemickeé zatizeni vzduchu (prach, PAHs, volatilni karcinogeny);
kontaminovana potrava (pesticidy, persistetni latky, napur. PCB,
dioxiny);
pracovni prostredi (PAHs, chemické vyroby, cytostatika aj.)

ivky (DNA- a protein.

lukty s PAHs,

cidativni
ySkozeni)

PREKLINICKE EFEKTY
chromos. aberace, genové mutace, aktivace onkogentl, inaktivace
tumor. supresor. genu, komponenty bun. cyklu

.Luboruiorv




| ‘
‘ ”” ZAKLADNI MECHANISMY NADOROVA PROMOCE

The Reductionist View A Heterotypic Cell Biology




III
l“” ZAKLADNI MECHANISMY NADOROVE PROMOCE

Mitogenni efekt, zvySeni bunééné proliferace, vyvazani

z kontaktni inhibice rustu, role onkogenu (mutanty ras, myc, [3-
cat,..) a inaktivace tumorovych supresort

- interference s transdukénimi signaly, které kontroluji normaln
bunécény rust a diferenciaci (aktivace EGFR/ErbB2-ras-ERK,
aktivace proteinkinazy C napfr. produkci DAG po expozici
forbolestery), produkce ROS, aberantni produkce rustovych

faktoru atd.
- aktivace ER- nebo AR-dependentni bunééné proliferace

Inhibice apoptozy (nefunkéni tumorové supresory, napr. p53) =
dalSi mechanismus prezivani bunék

Inhibice mezibunécné komunikace (GJIC), disrupce adherence
bunék , angiogeneze
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MECHANISMY NEGENOTOXICKYCH PROCESU

»,Klasické“ epigenetické mechanismy (methylace DNA nebo
acetylace/deacetylace histonu) — de/diferenciace

genova instabilita

strukturni a funkéni zmény cytoplasmatické membrany, efekty na
intercelularni komunikaci (napf. inhibice GJIC, disrupce
adherence) - vyvazani se z homeostatické kontroly okolnich
bunék, angiogeneze, procesy souvisejici s progresi a metastazem
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II||H PRIKLAD AKTIVACE BUN. PROLIFERACE
(aktivaci signalni transdukce)

Cell membrane EG Fi@

P——

PISK She-Grb2/SOS-

\ 4 ras-raf-MEK1
AKT

v
Anti-apoptotic | MAPK/ERK1/2

Pathway

Cell Growth
Arrest
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||”H||| MECHANISMY NEGENOTOXICKYCH PROCESU

O
I

orbol-

yristatacetat

PMA, TPA
odelovy

mor. promoter)

tivace PKC-

RK:
yperfosforylace

X, inhibice GJIC
itogenni efekty
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DUSLEDKY OXIDATIVNIHO STRESU

OXIDATIVNI STRES

RN

aktivace
oxidativni poSkozeni DNA, transkrip€nich dalsi drahy
peroxidace lipidu, faktordt  €— (c-fos/c-jun:
oxidace proteini, GSH (AP-1, DAG — PKC)
NF-iB)

} N/

TRANSFORMOVANE BUNECNA
BUNKY PROLIFERACE

!

PROMOCE, KLONALNI EXPANZE




| :
I”H||| DUSLEDKY AKTIVACE PPARo

Ligand

erovnomerna
dukce CYP4A Target tissues
edl. produkt: H,0,)
dalSich enzymu =Fatty acid transport
apf. CAT) -F:utt}‘ ;u:id activation
pendentnich -:ﬂﬂatty -'c]l:.l-(l- uxil:'latinn
=Cell proliferation
2 PPARalfa «Other pathways

Regulation
*Lipid homeostasis
~Cancer (Rodents onlv?)
s Atherosclerosis
*Unidentified functions
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DUSLEDKY AKTIVACE PPARo

*Diet
«Intracellular and
extracellular pools
Clinical/environmental Growth Factors
sources 'L

\ Orher
Fatty Acids —* ﬁmjﬂﬁ::.:l:cﬁun
(PR,PGJ,, LTB,) /

' "~

Transcription
PPAR <+ Factors

| [ —

PPRE vy
Target

Gene l

Peroxisome proliferation Immediate Early Genes (IEG)
Enzyme induction and other growth regulatory genes
(i.c..ACO, CYP4Al) (i.e., c-myc, c-jun, ZFP-17)

Tissue Specific Responses
Hypolipidemia tDifferentiation 1 Proliferation/¥ Apoptosis
Aliered lipid metabolism  Anticarcinogenic ~ Procarcinogenic




DISRUPCE MEZIBUNECNYCH SPOJENI -

VEDE K NADOROVE PROMOCI, INVAZIVITE A
METASTAZIM
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Zakladni stavebni
jednotkou jsou
proteiny konexiny
(connexin 32, 43 atd.),
které tvori hexamery
(konexony);
konexony sousednich
bunék mohou tvorit
spolecny kanal,
kterym prochazeji
signalni molekuly
(cAMP, Ca?* atd.)

INTERCELULARNI SPOJENI GJIC

interacting
plasma membranes

1.5nmin
diameter

connexon
composed of
six subunits

two connexons in
register forming an
open channel between
adjacent cells
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(scrape-loading / dye transfer assay; prostup
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fluoreskujici luciferove zluti monovrstvou

bunek)
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kontrola expozice TPA (produkce DAG, aktivace PKC

a ERK1/2, hyperfosforylace konexinu)
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DISRUPCE ADHERENTNICH SPOJENI
(ADHERENS JUNCTIONS)

—>» tumorigenesis —>»
early progression | late progression

epithelial | YO mesenchymal

epithelial :
hyperplasia cell

cell 3
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normal (pre)neoplastic invasive/ metastatic

¢ loss of polarity / cell adhesion
i functional de-differentiation
g?tﬁt%ggn —— > cell survival
reprograming of transcription factors
microenvironmental remodeling



