ENDOKRINNI DISRUPCE
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AKTIVACE AhR A NUKLEARNICH RECEPTORU

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

Xenobiotika jako estrogeny / antiestrogeny
Xenoandrogeny / antiandrogeny
Peroxisomalni proliferatory

Xenobiotika modulujici thyroidni funkce

Veterinary Research Institute, Brno, Czech Republic




PCB - ENDOKRINNi DISRUPTORY

Koplanarni PCB: induktory AhR

& cl
(,,dioxin-like compounds*);
C @ @ Cl efekty také na thyroidni funkce
(kompetitivni vazba
C

na thyroid binding protein);

= . antiestrogenita (efekty na ER-

34.5,3°4,~pentachlorbifenyl dependentni genovou expresi, indukce
(PCB) hydroxylace estradiolu

Cl Nekoplanarni PCB:
- nizkomolekularni kongenery maji

cl @ @ o estrogenni aktivitu;
- prevalentni vySechlorované PCB
jsou antiestrogenni a antiandrogenni;
Cl Cl - vazba na thyroid binding protein;
2,2'4,4'6,6'-Hexachlorobipheny il vazba na RyR (neurotoxicita)

(Not coplanar)
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PCB — (ANTI)ESTROGENITA

vliv na

biosyntézu? . |A cYPi1A1 ENHANCED METABOLISM
LEADING TO DECREASED

CYP1A2 CONCENTRATIONS

CYP1B1 OF ESTROGENS IN BLOOD

zvyseni PCDDfF's, COPLANAR

. AND MONO-ORTHO-
metabolismu E2 CHLORINATED PCBs

= inaktivace
hormonu

ANTIESTROGENICITY MEDIATED
THROUGH DIRECT INTERACTIONS
OF THE AhR WITH iDRE, COMPETITION
: Y OF AhR WITH ER FOR COFACTORS,
aktivace/ j CYP3A4 INDUCTION OF INHIBITORY FACTORS
suprese ER OR INDUCTION OF ER DEGRADATION

NONCOPLANAR PCBs

ANTIESTROGENICITY MEDIATED
THROUGH DIRECT SUPRESSION
OF ER ACTIVATION

Veterinary Research Institute, Brno, Czech Republic



METABOLISMUS POLYCHLOROVANYCH
BIFENYLU (PCB)

Mikrobialni
degradace

Metabolismus

u vyssich
zivocichu:
oxidativni metab.
(hl. cesta C, D;
alternat. A, D);
NIH posun chléru

Vysechlorované
OH-PCB jsou
antiestrogenni

Veterinary Research Institute, Brno, Czech Republic



METABOLITY POLYCHLOROVANYCH BIFENYLU
(PCB) — 2. FAZE

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

Cl

cl SO,CH, el

SO,CH, SO,CH,

3'-MeS0,-2,2' 4.5,5-pe ntachiorobiphenyl
(3'-MeSO,-CB101)

4'-MeS0,-2,2' 4 5,5'-pentachlorobiphenyl
(4'-MeS0,-CB101)

3-MeS0,-2,2' 4,5 -tetrachiorobiphen yl
(3'-MeS0,-CB48)
4'-MESDrE.2',4,5'-te'lrad'llnmbiphenﬁ
(4'-MeSQO,-CB49)
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NEUROTOXICITA

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

Interakce s ryanodyne receptorem (RyR) - modulace
Ca?*- dependentnich enzymu, receptori, transkripcnich
faktoru (napr. nekoplanarnimi PCB)

Modulace uvolnovani dopaminu (fada farmak, ale i
environmentalnich kontaminantu)

Poruchy diferenciace, rustu nervové tkané (inhibice GJIC,
dalsi interakce)




NEUROTOXICITA: inhibice AChE

Acetylcholine — receptor complex

Zpomaleni

regenerace Ot Gy @‘:”xf”“
vazebného mista HiC—N—CH,—CH,0H C
receptoru ‘E’E <>

Acetylcholine hydrolyzed but still bound

l CHaCOOH

+

(CH3)sNCHzCH:0H

TG

Regenerated site (+ acetic acid and choline) Regenerated site

Product release rapid

————
Product release slow

Normal Action of OP




NEUROTOXICITA: interakce s RyR
a modulace Ca?*

Ca?* Channels

K* channel Receptor Ligand gated L-TYPe voltage ..o vitter release

PIP, gated (DHPR)

Existuje rada
mechanismu
uvolinovani Ca%*

a ,,cila“, které jsou

regu IOVé ny endoglaags‘rf\%grlﬁeticu!u i
vapnikem
CaM = calmodulin
CN = calcineurin
. . w CE = calexcitin
xenOblotlka (napr. CREB = Ca response element B
. ) FKBP12 = major immunophilin
IPR =1 t
nekoplanarni PCB) N it
inte ragujl s RyR SERCAmCHNaIT . early events

Altered neurotransmitter release
Altered dendritic spine morphology,
arborization

Altered synaptic circuitry

Altered learning, cognition

late events




IMUNOTOXICITA

Obecné mohou byt po expozici xenobiotiky poruseny
vSechny typy humoralni a bunécéné imunity

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

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

Poruchy indukce protilatkové odpoveédi a dalsi
mechanismy




MECHANISMY IMUNOTOXICITY BENZO[A]JPYRENU

"ol / Ca?* Channel
/ A

ﬁ‘ Redox-sensor?
35531?5 Peroxidases . BPOs(3.6-, .%

1,6-, or 6,12
pasiinorissER T O '\IP3 1
: .+' +——Pp L
BP-diol m" BPDE ————+ ::' “Gb RIJS CADTK?/y PLC'.__.
ARR/ E’Eﬁ? t ﬁ)@ i BPQ(s) ) I
HSP ™ 1 : BPDE _..PTPase — PTK «—» AW""‘MI

Phase 1 and 2 !
Enzymes :

ARNT

|

DRE P4501A or 1B

BPDE or BPQ-DNA Adduct
EpRE f_b?

Nucleus

Appf:ptéza

MNucleus

.t
I+.'
.




ZAKLADNI KONCEPT

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

2) promoce;

3) progrese, metastaze

Faktory ovlivnujici mutagenitu/genotoxicitu a karcinogenitu:
1) genetickeé predispozice (,,susceptibility*);

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

3) suprese imunologickych funkci;

4) neznameé faktory




nwcn—< ZO0——=>»-—-0P>1

~

Initiation Promation Conversion

NORMAL CELL

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

v

Seleclive
Clanal

INITIATED PRENEOPLASTIC
CELL LESION

CLINICAL
CANCER

Progression

e Activation of Proto-Oncogenes
» Inactivation of Tumor Suppressor Genes
» Inactivation of Antimetastasis Genes

CLINICAL
CANCER




GENOTOXICKE KARCINOGENY reaguji s DNA a
ireversibilné pozmeénuji genom (bodové mutace, zmény v
chromosomalni strukture, zlomy, vymeény sesterskych
chomatid, klastogeny); interakce chemickych latek s
DNA:alkylace, oxidativni poskozeni nukleotidu, interkalace
INICIACE; mutace DNA repair, onkogent (ras, myc aj.)
a tumor-supresorovych genu (napfr. p53) - gent
kontrolujicich bunécny cyklus a proliferaci (PAHs, nitro-
PAHs, NNK aj. nitrososlouc.
NEGENOTOXICKE KARCINOGENY moduluji signalni
transdukci na postranslacni urovni - pozménéna proliferace
a diferenciace, inhibovana apopté6za predevsim pusobi
ve fazi PROMOCE karcinogeneze (dioxiny, PCB, OCP, azbest,
kfemenny prach, keramicka viakna, kovoveé ionty, napr. Co,
Mn, Ni, Cr, Be)
KOKARCINOGENY - samy nejsou nutné karcinogenni,
potencuji aktivitu karcinogenu




SUSCEPTIBILITA
polymorfismus CYP1A1, CYP1A2, CYP1B1, CYP2E1, GSTM1,
NQO1, NAT aj. genti biotransformacnich enzymu;

olek DNA repair; mutace v tumor-supresorovych genech;

biologické otazka etnik, pohlavi, véku;
metody, komplexni vlivy spolu s nutri€nimi navyky (v€etné mikronutrientu,
epidemiolog. vitaminu, PUFA aj.).
studie
ENVIRONMENTALNI EXPOZICE

stanoveni koureni;
’é';\fﬁm' chemické zatizeni vzduchu (prach, PAHs, volatilni karcinogeny);

y : ) . . : Ay .y
(kotinin, PCB, kontaminovana potrava (pesticidy, persistetni latky, napur. PCB,
1-OH-pyren), dioxiny);
stanoveni - Yo A b4 s - :
~ molekulami® pracovni prostredi (PAHs, chemické vyroby, cytostatika aj.)
davky (DNA- a protein. .
ad'ukt){ s I’DAHs, PREKLINICKE EFEKTY
:’;‘;'ka;'z‘g:i) chromos. aberace, genové mutace, aktivace onkogentl, inaktivace

tumor. supresor. genti, komponenty bun. cyklu




MECHANISMY NEGENOTOXICKYCH PROCESU

interference s transdukcénimi signaly, které kontroluji normalni
bunécny rust a diferenciaci (aktivace EGFR/ErbB2-ras-ERK,
aktivace PKC, aktivace ER- nebo AR-dependentni bunécné
proliferace, zvySena produkce ROS aj.) — mitogenni efekt

inhibice apoptézy - dalsi mechanismus PREZIVANI
transformovanych bunék

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

strukturni a funkéni zmény cytoplasmatické membrany, efekty na
intercelularni komunikaci (napr. inhibice GJIC) - vyvazani se z
homeostatické kontroly okolnich bunék, procesy souvisejici s
progresi a metastazemi




PRIKLAD AKTIVACE BUN. PROLIFERACE
(aktivaci signalni transdukce)

Cell membrane EG Fl@

J——

PI3K She-Grb2/SOS-

\ 4 ras-raf-MEK1
AKT

Anti-apoptotic MAPK/ERK1/2

Pathway

Cell Growth

Cell Growth
Arrest




Forbolmyristat-
acetat (= PMA),
jiny nazev TPA
(modelovy
tumor. promoter)

aktivace PKC-
ERK;
hyperfosforylace
Cx, inhibice GJIC

MECHANISMY NEGENOTOXICKYCH PROCESU




DUSLEDKY OXIDATIVNIHO STRESU

OXIDATIVNI STRES

VI

aktivace
oxidativni poskozeni DNA, transkrip€nich dalsi drahy
peroxidace lipida, faktord ~ €—— (c-fos/c-jun:
oxidace proteint, GSH (AP-1, DAG — PKC)
NF-«B)

! N/

TRANSFORMOVANE BUNECNA
BUNKY PROLIFERACE

b

PROMOCE, KLONALNI EXPANZE




DUSLEDKY AKTIVACE PPARa

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

sources l

\ Orther

Fatty Acids —= e imshcm
pathways
(PP,PGJ,, LTB,)

Gene

Immediate Early Genes (IEG)
and other growth regulatory genes
(i.c.. ACO, CYP4Al} (i.e.,c-myc, c-jun, ZFP-37)

Tissue Specific Responses
Hypolipidemia tDifferentiation T Proliferation/\ Apoptosis
Aliered lipid metabolism  Anticarcinogenic  Procarcinogenic

Peroxisome proliferation
Enzyme induction




Zakladni stavebni
jednotkou jsou
proteiny konexiny
(connexin 32, 43 atd.),
které tvori hexamery
(konexony);
konexony sousednich
bunék mohou tvorit
spoleény kanal,
kterym prochazeji
signalni molekuly
(cAMP, Ca?* atd.)

INTERCELULARNI SPOJENI GJIC

interacting
plasma membranes

channel
1.5nmin
diameter

—k ’
B

1
-

b g
e it
!

connexon
composed of
six subunits

two connexons in
register forming an
open channel between
adjacent cells




INHIBICE GJIC
(scrape-loading / dye transfer assay; prostup
fluoreskujici luciferové zluti monovrstvou bunék)

- 1: T : Y- L % - -
: 2% lt._ rre -8 y - - . - a . 4
kontrola expozice TPA (produkce DAG, aktivace PKC

a ERK1/2, hyperfosforylace konexinu)




Low cell density

osensor density

|
(]

1 Fnrmi:lzk-;'h- - Hece
g e 2 Fliﬂr
pl2o v y tyrosine

Curren! Opindan in Cell Biology

Increase in

High cell density cell density

Proliferation Adherens

- — junctions
Differentiation 4

Death Receptor J
"“-».L__h_:x tyrosine —

Cell type kKinases
specific =——< Hedgehog

5 rasponses
Increase in per cell area Wnt —
occupied by AJs bun. akumulace PiaK




—> tumorigenesis —>»
‘ early progression ‘ R

A

-' mesenchymal

epithelial : N\ @/
hyperplasia cell \ 0V 7/@/ cells

cell >

(pre)neoplastic invasive/ metastatic

¢ loss of polarity / cell adhesion
il functional de-differentiation
R ———>  cell survival
reprograming of transcription factors
microenvironmental remodeling




