Prednaska c. 6
Organicke polutanty 2 — dioxiny a PCB



Organicke polutanty

« perzistentni organicke polutanty — latky definované
Stockholmskou umluvou, zahrnujici pesticidy,
prumyslové chemikalie a vedlejSi produkty prumyslové
vyroby;

« polyaromaticke sloucCeniny a jejich derivaty, dalsi
produkty spalovacich procesu;

 dalSi prumyslové kontaminanty — bisfenol A, ftalaty apod.



Polychlorované dibenzo-p-
dioxiny a dibenzofurany

 vedlejSi produkty prumyslové vyroby a spalovani;
« poloha a pocet Cl substituci urCuje perzistenci a
toxicitu techto latek;
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2,3,7,8-tetrachlordibenzo-p-
dioxin

Cloveka,;
* modelovy zastupce této skupiny, definujici jejich toxicitu;



Seveso - 1976

Havarie v Sevesu, severni ltalie, 976;
v malé chemické tovarné doslo ke vzniku a naslednému rozptylu velkého
mnozstvi TCDD — nejvétsi pripad dokumentované expozice TCDD v historii;

cl :©:0| NaOoH  C DiOH tigitemp,  © :@[OD:C]
t L
cl cl cl ci cl o cl
3

1 2

Expozice herbicidy

Vietham — Agent Orange;
Spolana Neratovice — expozice
zameéstnancu;

otravy PCBs;




AP 4

Langlebiges Gift
Ein Dioxin-Skandal erschuttert
Deutschland:

Huhner, Puten und Schweine haben auf
deutschen Bauernhofen vergiftetes Futter
gefressen. Ein Futtermittelhersteller hatte
technische Fette aus der Diesel-
Produktion fur Tiernahrung genutzt. Uber
Eier oder Fleisch nehmen Menschen die
Dioxine auf, wo sie sich in Leber und
Gewebe einlagern.

Cl O Cl

Cl O Cl




Toxické ucinky toxikantu dioxinového typu:
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Figure 1 Biological responses to TCDD. A wide variety of cellular processes have been shown
to be affected by TCDD.

Schmidt & Bradfield, Annu. Rev. Cell Dev. Biol. 12:55



Toxicita dioxinu, dibenzofurant a koplanarnich PCB je
dana aktivaci receptoru pro aromatické uhlovodiky
— Ah receptoru

Denison et al., Chem. Biol. Interact. 141: 3




AhR =

* transkripcni faktor aktivovany prirodnimi i
toxickymi latkami;

 zprotredkovava toxicitu POPs;

* regulator metabolismu cizorodych latek,
aktivace rady promutagenu;

* fyziologicka uloha?



Objev AhR

* inbredni mySi kmeny se vyrazne liSi citlivosti na TCDD a 3-MC —
induktory metabolismu polycyklickych aromatickych sloucenin v
jaternich mikrozomech;

» autozomalné dominantni dédi¢nost;

« izolace proteinu (80. léta); identifikace genu (90. léta);
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Evoluce AhR:
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Evoluce AhR:

Organism: Name: Ligand-binding: Physiological
function:
Nematodes: AHR-1 No Neuronal development;
Caenorhabditis elegans Behavioral effects.
Insects: Spineless (Ss) No Development;
Drosophila melanogaster Regulation of homeobox

genes and dendrite

Vertebrates: AhR Yes
(AhR1, AhR2)

LiVeTr=—aind=lics
development;
Neuronal
differentiation?

Circadian rhytms?




Struktura AhR a ARNT:

Ligand/HSP90/

XAP2 binding AhR
protein
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Gu et al., Annu Rev Pharmacol Toxicol. 2000;40:519-61



Aktivace AhR:
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Aktivace AhR vede k jeho rychlé translokaci do b. jadra a nasledné
degradaci:

@ ligand
QOO hspso
B jmmunophilin

26S proteasome

O Ubiquitin

Fig. 1. Model of AHR-mediated signal transduction pathway. (1) Ligand enters cell. (2) Ligand binds
to AHR-hsp20-immunophilin complex causing conformational change and exposing the NLS domain.
(3) AHR complex is actively imported into the nucleus via NLS and nuclear import receptors. (da) If
receptor complex is in a misfolded conformation. it may be proteolytically degraded. (4) AHR
dissociates from hsp20 and immunophilin exposing HLH /PAS domain and NES. (5) AHR dimerizes
with ARNT-blocking NES sequence. (6) AHR-ARNT complex binds to XRE regions in DNA. (7)
AHR-ARNT complex dissociates from DNA and ARNT exposing NES. (8a) AHR is ubiquinated in the
nucleus and degraded or (8) AHR is exported from nucleus via CRM-1 export receptor. (9) AHR is
ubiquinated in cyvtoplasm and (10) targeted to 268 proteasome for degradation. Note that the pathway
is linear and also note the degradation of the AHR terminal step regardless of whether it occurs within
the nucleus or cytoplasm. NLS. nuclear localization signal: CRM-1. chromosome region maintenance
protein l: 26S. 26S proteasome.

Chemico-Biological Interactions 141 (2002) 41-61



Aktivace AhR vede k jeho rychlé translokaci do b. jadra a nasledné
degradaci:

+ TCDD

30 min

<~ AhR (93 kDa)

<~ CY1A1 (60 kDa)
& B-actin (40 kDa)




Geny regulované AhR

obsahuji v promotorové nebo enhancerové oblasti tzv.
xenobiotic response elements (XRE) / dioxin responsive
elements (DRE):

 enzymy l. faze biotransformace - CYP 1A1, CYP 1A2, CYP 1B1;

- enzymy ll. faze biotransformace - UDP-glucuronosyltransferase,
GST-Ya, NADP(H):oxidoreductase;

* regulatory bunéc¢ného  cyklu, apoptozy, diferenciace,
senescence — Bax?, p27%r1, JunD, TGF-p,

 AhRR.



Toxické AhR ligandy:
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Figure 2. Classic AHR agonists. 2,3,7,8-Tetrachlorodibenzo-p-dioxin;
2,3,7 8-tetrachlorodibenzofuran; 3,3’,4,4’-tetrachloroazoxybenzene; and
2,3,6,7-tetrachloronaphthalene are representative HAHs. 3,3°.4.4°5-
Pentachlorophenyl is a potent PCB. Benzo[a]pyrene and 3-methyl-
cholanthrene are PAHs.

Nguyen et Bradfield, Chem Res Toxicol 2008; 21:102-116



Endogenni ligandy AhR?

 derivaty tryptofanu;
« produkty metabolismu lipidu;
 prirodni latky — flavonoidy?, produkty baktérii a kvasinek;



Endogenni ligandy AhR?
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,Neobvyklé“ ligandy AhR

M.S. Denison et al. | Chemico-Biological Interactions 141 (2002 ) 324
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AhR deficientni mysi:

® rustova retardace;

®* naruseni vyvoje jater a imunitniho systému;
®* hromadéni retinoidu v jatrech;

®* abnormalni vaskularizace ledvin a jater;

* fada efektu v imunitnim systému a hematopoéze;

* odolné vudi karcinogennim ucinkum BaP a teratogenité
TCDD;



Jaterni defekty:
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Fig. 1. Ah —/— mice have smaller hepatocytes than wild-type mice. Livers of
1-year-old mice were fixed in formalin, and 6-um sections were examined
afterstaining with hematoxylin/eosin. (A and B) Thin sections from wild-type
(A) and age-matched Ah knockout (8) mice are shown, and results of mor-
phometric analyses follow. (C) There is asignificant decrease in the total area
of the hepatocytes of Ah —/— mice. (D and E) Whereas the cytoplasmic area
of Ah —/— hepatocytes is significantly decreased (D), the nuclear areas of Ah
+/+ and Ah —/— hepatocytes are not different (£). Mean and standard errors
generated from comparison of six 1-year-old male Ah +/+ and six age- and
sex-matched Ah —/— mice are shown; asterisks indicate significance (P < 0.05).
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Walisser et al., J Biol Chem 2004;279:16326-31



BaP neni karcinogenni v
AhR KO mysich:

Genotype +H+ - -/- ++  +- -/-
BlajP -+ -+ -+ -+ -+ - *
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Fig. 1. Cyplatl, Cypiaz, and AhR gene expression in the skin and liver of
AhR(+/+), AhR(+/-), and AhR(-/-) mice, with and without B[a]P treat-
ment. One-microgram aliquots of RNA extracted from skin and liver of control
and B[a]P-treated mice of the three genotypes were reverse-transcribed and
analyzed by PCR using specific primers for the Cypiat, Cypiaz, and AhR and
B-actin genes.
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Fig. 2. Subcutaneous tumor induction in wild-type (~) and AhR-deficient
male mice (+/—, [0; =/, O) injected with B[a]P.

Fig. 3. Gross appearance of flank skins in AhR-wild-type mice (+/+), AhR-
heterozygous mice (+/-), and AhR-deficient mice (— /) injected subcutane-
ously with B[a]P.

Shimizu et al., PNAS 2000;97: 779-82



AhR a imunitni systém
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AhR a imunitni systém
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AhR a imunitni systéem strev

* hladina AhR je vyznamné snizena ve strevni
tkani pacientl prodélavajicich chronické
zanetlivé onemocnéni strev; signalizace AhR
signaling, via IL-22, inhibuje zanét a kolitidu v
GIT mysi;

* Ahr zprostredkovava udrzovani populace retinoic
acid related orphan receptor y t-expressing
innate lymphoid cells (RORyt+ ILC) ve streve a
tvorbu lymfoidnich folikulu;

 dietarni AhR ligandy a slouceniny produkované
komensalnimi bakteriemi moduluji diferenciaci a
funkce imunitnich bunék GIT;



Fenotyp CA-AhR mysi — nadory zaludku a jater:
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Neoplastic lesions and intestinal metaplasia in the stomach of CA-AhR mice. (A) Normal stomach
from a 12-month-old wild-type male. (B) At 3—4 months of age single small cysts. (C) In older CA-AhR
animals (6—12 months old) the number of cystic tumors increased and occupied a larger area of the
stomach. (D) In the most severe cases (9-12 months of age), the stomach was adherent to adjacent
organs such as spleen (sp), pancreas (panc), and liver (liv).

Andersson et al., PNAS 2002;99;9990-95



Koncepce toxickych ekvivalentnich faktoru
(TEF)

* vzhledem k tomu, ze latky dioxinového typu maji
spolecny mechanismus ucCinku — aktivaci AhR, Ize
predpokladat, ze jejich schopnost aktivovat tento
receptor je umerna jejich toxicite;

* referencéni toxikant — TCDD:;

« TEF = ECS50 (dana latka)/EC50 (TCDD);

« TEF pro jsou definovany WHO,;

Toxicita smési - TEQ = 2[C] x TEF,



Toxické ekvivalentni faktory (TEF)

TABLE 1
Summary of WHO 1998 and WHO 2005 TEF Values

Compound WHO 1998 TEF WHO 2005 TEF
Chlorinated dibenzo-p-dioxins
2,3,7.8-TCDD 1 1
1,2.3,7.8-PeCDD 1 1
1,2,3,4,7,.8-HxCDD 0.1 0.1
1,2.3,6,7.8-HxCDD 0.1 0.1
1,2.3,7.8,9-HxCDD 0.1 0.1
1,2.3.4.6,7.8-HpCDD 0.01 0.01
OCDD 0.0001 0.0003
Chlorinated dibenzofurans
2,3,7.8-TCDF 0.1 0.1
1,2.3,7,.8-PeCDF 0.05 0.03
2,3.4.7.8-PeCDF 0.5 0.3
1,2,3.4,7,8-HxCDF 0.1 0.1
1,2.3,6,7.8-HxCDF 0.1 0.1
1,2,3,7,8,9-HxCDF 0.1 0.1
2,3.4.6,7,8-HxCDF 0.1 0.1
1,2,3,4,6,7.8-HpCDF 0.01 0.01
1,2.3,4,7.8,9-HpCDF 0.01 0.01
OCDF 0.0001 0.0003
Non-ortho—substituted PCBs
3,344 -teraCB (PCB 77) 0.0001 0.0001
344" 5-tetraCB (PCB 81) 0.0001 0.0003
3.3'.4.4' 5-pentaCB (PCB 126) 0.1 0.1
3.3'.4.4'.5,5'-hexaCB (PCB 169) 0.01 0.03
Mono-ortho—substituted PCBs
2,3.3" 44" -pentaCB (PCB 105) 0.0001 0.00003
2,3.4.4' 5-pentaCB (PCB 114) 0.0005 0.00003
2,3'.44" 5-pentaCB (PCB 118) 0.0001 0.00003
2'.3,44' 5-pentaCB (PCB 123) 0.0001 0.00003
2,3.3" 44" 5-hexaCB (PCB 156) 0.0005 0.00003
2,3,3'.4,4' 5'-hexaCB (PCB 157) 0.0005 0.00003
2,344 5,5 -hexaCB (PCB 167) 0.00001 0.00003
233" 4455 -heptaCB (PCB 189) 0.0001 0.00003

Bold values indicate a change in TEF value.

van den Berg et al., Toxicol Sci, 2006;93:223-41



AhR-ERa crosstalk
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Figure 3. Proposed mechanisms of inhibitory AhR—ERa cross-
talk (/23— 126).

Safe et Wormke, Chem Res Toxicol, 2003;16:807-16



Polychlorovane bifenyly (PCB)

chemicky stale, nehorlavé latky vyuzivané v minulosti v
fedé prumyslovych aplikaci — vyroba transformatoru
kapacitatoru, el. motoru, ale i fada dalSich;

209 kongeneru; vyrabeny jako smesi od zac. 20. st. dor.
1979 (USA), 1984 (CSSR), celosvetove byla jejich
produkce zkazana SU (2001);

globalni produkce cca 1,5 mil. tun;

jako env. polutanty identifikovany v 60. letech (S.
Jensen);



Polychlorovane bifenyly (PCB)

* Jsou velmi persistentni a akumuluji se v télech
konzumentu, predevsim v tukové tkani;

| prfes zakaz produkce, zustava lokalni hladina v
kontaminovanych oblastech pomerne vysoka a navic
nektere prace poukazuji na moznost jejich vzniku v
chem. vyrobé napfr. barviv (PCB 11) a sireni vzduchem;

« 2 zakladni typy — koplanarni (dioxinové) PCB a PCB
nedioxinového typu — lisi se mnozstvim i toxickym
pusobenim;



Toxické ekvivalentni faktory (TEF)

TABLE 1
Summary of WHO 1998 and WHO 2005 TEF Values

Compound WHO 1998 TEF WHO 2005 TEF
Chlorinated dibenzo-p-dioxins
2,3,7.8-TCDD 1 1
1,2.3,7.8-PeCDD 1 1
1,2,3,4,7,.8-HxCDD 0.1 0.1
1,2.3,6,7.8-HxCDD 0.1 0.1
1,2.3,7.8,9-HxCDD 0.1 0.1
1,2.3.4.6,7.8-HpCDD 0.01 0.01
OCDD 0.0001 0.0003
Chlorinated dibenzofurans
2,3,7.8-TCDF 0.1 0.1
1,2.3,7,.8-PeCDF 0.05 0.03
2,3.4.7.8-PeCDF 0.5 0.3
1,2,3.4,7,8-HxCDF 0.1 0.1
1,2.3,6,7.8-HxCDF 0.1 0.1
1,2,3,7,8,9-HxCDF 0.1 0.1
2,3.4.6,7,8-HxCDF 0.1 0.1
1,2,3,4,6,7.8-HpCDF 0.01 0.01
1,2.3,4,7.8,9-HpCDF 0.01 0.01
OCDF 0.0001 0.0003
Non-ortho—substituted PCBs
3,344 -teraCB (PCB 77) 0.0001 0.0001
344" 5-tetraCB (PCB 81) 0.0001 0.0003
3.3'.4.4' 5-pentaCB (PCB 126) 0.1 0.1
3.3'.4.4'.5,5'-hexaCB (PCB 169) 0.01 0.03
Mono-ortho—substituted PCBs
2,3.3" 44" -pentaCB (PCB 105) 0.0001 0.00003
2,3.4.4' 5-pentaCB (PCB 114) 0.0005 0.00003
2,3'.44" 5-pentaCB (PCB 118) 0.0001 0.00003
2'.3,44' 5-pentaCB (PCB 123) 0.0001 0.00003
2,3.3" 44" 5-hexaCB (PCB 156) 0.0005 0.00003
2,3,3'.4,4' 5'-hexaCB (PCB 157) 0.0005 0.00003
2,344 5,5 -hexaCB (PCB 167) 0.00001 0.00003
233" 4455 -heptaCB (PCB 189) 0.0001 0.00003

Bold values indicate a change in TEF value.

van den Berg et al., Toxicol Sci, 2006;93:223-41



Toxické ucCinky nedioxinovych PCB

 Jaterni toxicita — jen ve velmi vysokych davkach;
« dopad na neuroendokrinni a endokrinni system;
« funkce nervového systému a chovani;

« funkce imunitniho systemu;

Vzhledem k ruznym mechanismum pusobeni nelze v
soucasneé dobe vyuzit koncepci TEF. Je treba dalsi
vyzkum.



Interakce PCB a pribuznych latek se steroidni
signalizaci = velmi slozity proces:

CYP1A2
CYP1B1

PCDD/Fs, COPLANAR
AND MONO-ORTHO-
CHLORINATED PCBs

T CYP1A1

NONCOPLANAR PCBs

ENHANCED METABOLISM
LEADING TO DECREASED
CONCENTRATIONS
OF ESTROGENS IN BLOOD

ANTIESTROGENICITY MEDIATED
THROUGH DIRECT INTERACTIONS
OF THE AhR WITH iDRE, COMPETITION
OF AhLRWITH ER FOR COFACTORS,
INDUCTION OF INHIBITORY FACTORS
OR INDUCTION OF ER DEGRADATION

ANTIESTROGENICITY MEDIATED
THROUGH DIRECT SUPRESSION
OF ER ACTIVATION




Bromované zpomalovace horeni

 pro inhibici vzplanuti a horeni hoflavych organickych
latek — textilni prumysil, elektronika, vyroba nabytku;

« bromované difenylethery (PBDE), tetrabrombisfenyl A,
hexabromcyklododekan,

* 0od 90. let — predmet intenzivniho studia — vysoka
perzistence a lipofilita; potencialni endokrinni disruptory
a imunotoxikanty; bioakumulace;
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