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= TOXIKOLOGIE &
EXPERIMENTY NA ZVIRATECH

<
« regulatorni toxikologie — od 20. stoleti zaloZzena primarné na é.;:%
in vivo metodach }}jg?;{rﬁgﬁgm
. . Health Effects
e OECD Test Guidelines
e fada metod vyvinuta pfed 30 - 60 léty @)

OECD TG / Description

/
411 Repeat dose dermal toxicity (90 days), rodents
-2 Repeat dose inhalation toxicity (28 days),



2 TOXIKOLOGIE &
EXPERIMENTY NA ZVIRATECH

e g

e Eticky diskutabilni - tlak odborné i laické verejnosti
 1959: Russel & Burch: “3Rs principle”

 Smeérnice Evropského parlamentu a Rady 2010/63/EU o ochrané
zvirat pouzivanych pro védecké ucely
aktivni podpora vyvoje, validace a zavadéni metod v souladu s 3R principem
e ,Cosmetic Directive” 76/768/EEC

plati zakaz testovani kosmetickych produktd a pfisad na zvifatech a zakaz
marketingu takovych produktt v EU

e USA - zakony na statni Grovni (California, New Jersey, New York)

 Validace alternativnich metod - OECD

« ECVAM JRC European Centre for Validation of Alternative Methods,
Joint research Centre, EU, Ispra, Italie

©)

Centrum pro vyzkum
toxickych latek
v prostredi




IRok ITG I EU I Nazev I 3R akce
1992 1420 (B1 Acute oral toxicity, fixed dose method [2001: Animal test (reduction and refinement method in comparison with the
conventional TG 401), less suffering, smaller number of animals
1995 |421 Reproduction / developmental toxicity [Animal test (reduction method compared to original TGs), new screening test
screening study provides essential information with a minimum number of animals
1996 |422 Combined repeat dose with Animal test (reduction method compared to the individual TGs), combines the new
reproduction / developmental screening screening test on reproduction toxicity with TG 407, and further reduces the number
of animals to an absolute minimum for these combined endpoints
1996 423 |B1 Acute oral toxicity, toxic class method [2001 Animal test (reduction method compared to the conventional TG 401), much
smaller number of animals (10% of that required for TG 401)
1998 425 Acute oral toxicity, up and down 2001: Animal test (reduction method compared to the conventional TG 401),
method smaller number of animals, provides a closer estimate of the LD50 than TGs 420
and 423
2004 428 Skin absorption: In vitro method In vitro alternative to the in vivo method (TG 427)
2002 [429 Skin Sensitisation: Local Lymph Node |Animal test (reduction and refinement method compared to TG 406), provides
Assay more information and causes less suffering
2004 (430 In Vitro Skin Corrosion: In vitro test method (ex vivo test) for the corrosion part of TG 404
Transcutaneous Electrical Resistance
Test (TER)
2004 (431 In Vitro Skin Corrosion: Human Skin In vitro test method for the corrosion part of TG 404
Model Test
2004 432 In Vitro 3T3 NRU phototoxicity test In vitro test method (no OECD TG existed for an animal test)
2006 (435 In Vitro Skin Corrosivity In vitro test method for the corrosion part of TG 404 (for specific applications, only
applicable to acids and bases)
2009 |436 Acute Inhalation Toxicity: Acute Toxic [Animal test introducing reduction in animal usage compared to TG 403, and
Class (ATC) Method refinement by applying humane endpoints.
2009 |437 Bovine Corneal Opacity and Animal test introducing reduction in animal usage compared to TG 403, and
Permeability (BCOP) refinement by applying humane endpoints.
2009 (438 Isolated Chicken Eye (ICE) Test Method |Anin vitro screening test for identifying potential ocular corrosives and severe
irritants in a tiered-testing strategy, as part of a weight-of-evidence approach.
2009 [455 Stably Transfected Human Estrogen In vitro test (could possibly introduce reduction if used in a testing strategy for

Receptor-a Transcriptional Activation

Assay (STTA)

detection of endocrine disrupting chemicals).
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* Registration, Evaluation, Authorisation and
Restriction of Chemicals (Regulation EC No.
1907/2006) — REACH

©)

chemikalie s produkci vice nez 1t/ rok -> hodnoceni toxicity
odhadem cca 30000 chemickych latek behem 15ti let

s pouzitim sou€asnych metod odhadovano 9 — 54 mil. pokusnych
zvirat (Rovida 2009, Altex 26)

nejen eticky, ale i ekonomicky a ¢asovy aspekt
Annex Xl. pravidla pro standardni testovani zahrnuji moznost
interpretace vysledku z in vitro testu:

* Validované testy

* ,Vhodné“ (suitable) testy — dostateCné vyvinuté z hlediska mezinarodné
uznavanych kritérii pro zahajeni pre-valida¢niho procesu (ECHA)
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- TOXIKOLOGIE &
EXPERIMENTY NA ZVIRATECH

—

o 2007: Toxicity Testing in the 21st Century: A Vision and a Strategy
(US National Research Council/NAS)

— Mezidruhové rozdily

— Vysoké davky, kratké doby expozice

— Hodnocené parametry (smrt, nador) = et
— Predpoklady a extrapolace, faktory nejistoty

— Nespolehlivost a nerelevantnost tradicnich in vivo metod

A WISH0M AND A STRATEGY

Farmakologie a farmaceuticka toxikologie:

* Pouze 43% shoda vysledku z testt na hlodavcich s vysledky
klinickych studii (ECVAM)

* V klinické fazi testovani selhava az 92% potencialnich lé€iv
(Pampaloni 2009, Rec Patents on Biotech 3)

— Ekonomicka a €éasova naroc¢nost, zastaralost, etické problémy

Samostudium — seznameni s dokumentem Toxicity Testing in the
21st Century: A Vision and a Strategy — ve studijnich
centrum pro wzlum  materialech k predmétu

toxickych latek
v prostredi
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TOXICITY TESTING IN THE
21ST CENTURY:
A VISION AND A STRATEGY

nové pfipravena strategie vychazejici z
aktualnich poznatkul a
nejmodernéjSich technologii s cilem:

Toxicity Pathways |

Targeted Testing
1) Zvysit pocCet testovanych latek
2) Snizit naklady

3) Zlepsit vypovédni hodnotu vysledku
vzhledem k predikci zdravotnich rizik
a environmentalnim koncentracim

Primarné lidské buriky a tkanové kultury in vitro

Vlivy na biologické procesy (toxicity pathways) — mechanismy bunécné odpovedi,
jejichz naruseni v organismu vede ke Skodlivym ucinkiim

Cilené testovani (Targeted testing) x Testy na celych organismech (Whole-animal
testing)

PocitaCové modelovani zavislosti davka-odpovéd’ pro narusovani toxickych drah,
modelovani pro ucely extrapolaci — interpretace informaci z bunéénych systému
smérem Kk in vivo toxicité

Informace o expozici - biomonitoring — hladiny chemickych latek v krvi, vlasech Ci
dalSich tkanich

Hodnoceni rizik - minimalizace narusovani toxickych drah v exponované populaci



Ethics?
Reliability?
Costs & Throughput?

Alternative (non-animal) methods and models
o Experiments with parts of living organisms

m [solated organs and tissues - EX ViVO

m |solated cells and cell cultures — In Vitro E

m [solated cell organelles and cell extracts
m Purified or synthetic biomolecules — In chemico
o Computer simulations and modelling — In silico %‘%a

©)
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Alternativni testy

e Musi projit validaénim fizenim

 Dle ECVAM (the European Centre for the Validation of Alternative
Methods) v souCasnosti uznavana sada vedecky ovérenych
alternativnich metod (zejmeéna testovani fototoxicity, kozni
drazdivosti, embryotoxicity).

« EURL-ECVAM = European Union Reference Laboratory for
alternatives to animal testing (since 2011)

e https://eurl-ecvam.jrc.ec.europa.eu/

e Podporuje vyvoj a uplatiovani alternativnich metod a pfistupd,
aplikace v prumyslu a akceptaci regulacnimi organy

* Vyzkumné organizace mohou zaslat alternativni metody, které
vyvinuly, na odbornou validaci do EURL ECVAM

 3R:zmeény v testovani toxicity xenobiotik: redukce pocCtu zvirat, neni
treba uhyn, Spatny stav dostateCnym projevem toxicity

Centrum pro vyzkum
toxickych latek
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https://eurl-ecvam.jrc.ec.europa.eu/

Specialni eko-toxikologickeé biotesty
— 1N VItro

e standardni testy (normy ISO, CSN, USEPA)
o optimalizace/vyvoj novych testu

* Toxicita
* Vyzkum mechanismu pusobeni latek
« Specifické mechanismy neletalnich ucinku
» Genotoxicita
» Dioxinova aktivita
» Mechanismy endokrinni disrupce — estrogenita, androgenita
» Imunotoxicita

o Testovani Cistych latek (environmentalni polutanty)
modelovych smeési
komplexnich environmentalnich extraktu

Centrum pro vyzkum
toxickych latek
v prostredi
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In vitro toxikologie

Testy na puvodnich &i geneticky modifikovanych prokaryotickych €i
eukaryotickych bunkach
- vyuzivany zejmena pro teoretické objasnéni ucinku toxického agens
- i pro rutinni provadéni testu toxicity

E TESTY

S

BAKTERIALNI TESTY, KVASINKOV

i

- testy in vitro: tkanove
explantaty, bilé krvinky,
jaterni bunky, tkanove
kultury




Vyuziti tkanovych kultur (TK)

= Alternativni metoda k pokusim na zivych organismech

Rada test(i optimalizovana na provedeni v mikrodestiékach (high
throughput testing)

* |n vitro modely se daji kultivovat v laboratori, nekterée rychle rostou a
Ize vytvofit mnoho vzorkd mensich kultur, ke kterym se pridavaji do
kultivacniho prostredi chemicke latky a zkouma se charakter toxickych
ucinkd

Vyhody TK: vyrazné snizeni mnozstvi zvirat pouzitych v experimentu

o Zzajisténi vysokého poctu vzorku; puvod kontrolnich i experimentalnich vzorku
ze stejné tkané, coz minimalizuje variabilitu ziskanych vysledku.

Nevyhoda TK: moznost sledovat ucinky testované latky pouze na
konkrétnim druhu tkané, ze kterého byla TK pripravena, tedy chybegjici
moznost posouzeni zdravotniho stavu a chovani celého zivocicha.

Centrum pro vyzkum
toxickych latek
v prostredi
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Testy na bunecn

primarni bunééné kultury x stabilni bunééné kultury x kmenové bunky

rizné typy bunéénych kultur — fada dostupnych v bunéénych bankach, respektive
Shirkach bunécnych kultur.

podle predepsanych podminek (vyZziva, teplota, vihkost apod.) Ize danou bunécnou kulturu
rozpéstovat a pouzit v toxikologickém testu.

bunky se nasazuji do specialnich nadob pro péstovani bunéénych kultur, prfidava se zivne
medium obohacené o antibiotika, pfipadné antimykotika

Primarni bunééné kultury — bunky pfimo ziskané z organismu/ od darce

omezena dostupnost - z tkani organismu, jsou nestandardni, variabilita a rozdily
mezi jedinci, coZz mize vyznamnou mérou ovlivnit vysledek testu toxicity (= nizka
reprodukovatelnost)

omezena doba Zivota v kultufe (Hayflickv limit) — i pfes optimalni kultivaéni
podminky vétSina typd normalnich (nenadorovych) bunék prodéla pouze omezeny,
pfedem dany pocCet bunécnych déleni

nutna podrobna charakterizace zdrojové tkané a postupu izolace (typ tkan€, vék a
pohlavi darce, zpUsob ziskani, pocet pasazi od jejiho stanoveni, charakterizace
fenotypu i genotypu atd.)

©)

- zvifeci: mezidruhova variabilita, etické problémy
Centrum pro vyzkum - lidské: limitovana dostupnost, heterogenita

toxickych latek
v prostredi




Permanentni linie - (kontinualni) = nadorové nebo imortalizovane

- napfriklad stabilizované linie koznich bunék, nervovych bunék, bunek srdecniho
svalu, buneék odvozenych od tkani ledvin a pod.

- Casto nadorového plvodu — geneticky nebo epigeneticky abnormalni, abnormalni
genotyp a fenotyp — Relevance?

- bunécny substrat pro zalozeni kultury pochazi z modelovych druht nebo se kdysi
ziskal od lidského darce (jako vedlejSi material napr. pri operaci), pak byl
stabilizovan a uzpusoben k neomezenému déleni a nasledné kultivaci.

- lidskeé: 1951 — Hela (cervikalni karcinom)

Imortalizace:

 Spontanné (pomalé a malo ucinné, nékdy zamérna indukce mutageneze)

 Cilené - transdukce virem —HPV, SV-40, mutageny, umela exprese Ci inhibice
klicovych molekul — napf. telomerazy (hnTERT), onkogeny

* mozno ziskat stabilni bunééné linie z rGznych organu a z rdznych druhu organismu;
tyto linie se velmi dobfre pfechovavaji v hybernovanem stavu.

* v soucasné dobe dostupné stovky permanentnich linii

©)
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Primarni kultury Permanentni linie

Heterogenni Homogenni - klonalni
Omezena zivotnost Nesmrtelné
Narocnéjsi na kultivaci Snadno kultivované

Variabilita mezi izolacemi Geneticka nestabilita

Onco, Viral-
Primary Cells hTERT-Immortaized Hee Iﬁf Continuous
Immortalized
Mimic in vivo Tissue
+t e+t +4+ ++ +
Phenotype
: - . Diploid/ Pseudodiploid/ .
Karyotypic Stability Diploid Pseudodiploid et Aneuploid
Proliferative Capacity | + +++ - .
Supply + +++ +++ +++
Inter-Experimental Low Good Good Good
Reproducibility
Cost High Medium Low Low
Ease of Use + ++ ++ +++




Testy kozni drazdivosti a leptavosti

In vitro — Modely lidské kiize EpiDerm a Episkin

e trojrozmérny model lidské kize - rekonstruované epidermis s funkcéni stratum corneum - u€inek
testované latky na zivotnost bunék

» cytotoxicita je vyjadfena jako redukce aktivity mitochondrialni dehydrogenazy

» testovana latka je umisténa na stratum corneum epidermalniho modelu, expozice ukoncena
omytim fosfatovym pufrem. Pak tkané inkubovany s MTT (Zluta tetrazoliova sul). Pokud jsou bunky
zivé, MTT je v mitochondriich redukovan sukcinat dehydrogenazou na modry formazanovy
precipitat. Ten je pfes noc z bunék vyextrahovan okyselenym izopropanolem a kvantifikovan

spektrofotometricky. p
mitochondrale H _H
. Reduktazen m —N
i I 5)=m
EPISKIN FROM SCRATCH =
Adult skin cells are cultured and added to 3 The sample is completely immersed in a After3 days the top of the skin Intense UV light can The skin is then ready
dish containing a layer of collagen gel. Skin medium containing water, sugar and amino Is exposed to the air for 10 days, be applied to "age” for the testing of
cells taken from donors of different races will acids for 3 days. The cells begin to grow allowing it to dry and creating a the skin, if needed cosmetics
produce ethnically diverse Episkin samples rough layer similar to real skin o

P

i
[ s
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stanoveni drazdivych a leptavych ucinku na o€i po jednorazové aplikaci
testovane latky do oka

1. In silico
2. In vitro — modely EpiOcular

3. Ex vivo — metoda BCOP - test na hovézi rohovce - pouziti tkani z
porazeného dobytka

4. In vivo — pokusné zvire - albinoticky kralik

In-vitro — Modely lidské klize EpiOcular

trojrozmérny model umélé tkané EpiOcularTM z lidskych keratinocytu kultivovanych
do podoby vrstevnatého dlazdicovitého epitelu podobného lidské rohovce

zjistuje se ucinek latky na zivotnost bunék, cytotoxicita je vyjadfena jako redukce
aktivity mitochondrialni dehydrogenazy

testovana latka je umisténa na povrch modelu ve 3 expozi¢nich Casech
inkubace v 37°C, 5%CO, inkubatoru v intervalech — 3 min., 30 min., a 60 min

©)
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KMENOVE BUNKY A Z NICH DIFERENCOVANE

BUNKY
— NOVE VYVIJENE MODELY

— Normalni nenadorové bunky organismu

T —  Symetrickeé (self-renewal) a asymetricke
déleni (diferenciace)
fertilised eqg
— Proliferacni potencial a potence

92U310d

|erouajod 1uQela)ijoid

— Vyvoj protokolu pro jejich in vitro
diferenciaci do pozadovanych typu bunék

) self-renewal

tnhpment stem cells

ﬁ self-renewal
@ Izolace 5%
(1998 - ¢lovek) é Embryondini

blastocyst cuntalnm A
:U,.; plurlpa%renl; stam ce ) kmenové buriky (ESC)
D
a self-renewal
3 /
Q_.)' Cg)@ : Izolace
o hematopoeitic 5Cs naural 5Cs mesenchymal 5Cs (1997 - ¢lovek) Dospélé kmenové
9] Dospélé (tkanové-specifické) kmenové burky ) G a progenitorové buriky

®1:c"* ;{":H- : Izolace & ,,, ..;,,;
& ";:. . —??’P s Reprogramovani
: - e e tsue (2007 - c/ovekg Indukované
blood cells  cells of Rervous system bones Cainge ot ; pluripotentni buriky (iPSC)

prostreditarminalné diferencované buriky




Kmenové bunky
EMBRYONALNI KMENOVE BUNKY (ESC)

DOSPELE KMENOVE BUNKY (ASC)

Blastocysta.
/ STEM CELLS CAN\

REPLICATE ITSELF CHANGE INTO MANY CELL TYPES
% INDUKOVANE
c PLURIPOTENTNI
\ e®q d BUNKY (iPSC)

. i)
' ' BLOOD CELLS .' |
LIVER CELLS
INTESTINAL CELLS

-

MUSCLE CELLS

CARDIAC CELLS



EMBRYONALNiIi KMENOVE BUNKY
(ESC — embryonic stem cells)

« cely organismus se vyviji z jediné totipotentni buiky (zygoty), ktera vznika
po oplozeni vajiCka spermii
« totipotentni burika ma schopnost dat vznik jakemukoli typu tkané vCetné

tkané embryonalni, obsahuje kompletni genetickou informaci pro cely
organismus

« v prubéhu embryonalniho déleni se schopnost totipotence ztraci

* bunky vznikajici na poCatku embryonalniho vyvoje jsou pluripotentni,
mohou se tedy diferencovat v jakoukoliv buriku embrya, at' uz se jedna o
burfiku ektodermalniho, endodermalniho &i mezodermalniho puvodu

 pokud se ESC vyjmou z embryonalniho prostredi a kultivuji se in vitro
mohou dat vznik bunkam nervovym, plicnim, krevnim nebo pohlavnim
bunkam navic se schopnosti zachovat stabilni karyotyp

« 2z etickych duvodu je problém se studiemi s ESC

Centrum pro vyzkum
toxickych latek
v prostredi
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Izolace ESC

Fertilized egg

' 4

Few-celled embryo

Blastocyst ',

Trophectoderm

ICM (inner cell mass)

Vyvoj embrya, stadium 4, 8 bunék, morula, blastocysta
Harvested ICM

Embryonic stem cells



DOSPELE KMENOVE BUNKY
(ASC- adult stem cells)

* nediferencované bunky, pretrvavaiji i v jiz vyvinutych a fungujicich
tkanich

« patfi mezi bunky multipotentni

* na zakladeé ruznych signalu se mohou preménit pouze na nékteré
bunééné typy - umoznuji prubéznou udrzbu celého téla

o kazdy organ a kazda tkan v dospélosti obsahuje malou subpopulaci
bunék schopnych sebeobnovy

* nepostradatelné pro hojeni poskozenych casti teéla, pro procesy
obnoveni jejich funkce a pro spravny prubéh imunitnich reakci
organismu

o ASC lze rozdélit na bunky somaticke (nachazeji se kdekoliv v téle) a
germinalni (tvofi gamety a vyskytuji se v pohlavnich organech)

©)
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INDUKOVANE PLURIPOTENTNI BUNKY (iPSC)

* indukované pluripotentni kmenové buriky (Induced Pluripotent Stem Cells, iPSC) jsou
kmenové buriky uméle vytvorené z dospélych bunék téla

» v podstaté z jakékoliv buriky téla lze vytvorit iPSC

» dospélé nepluripotentni bunky Ize zménit v iPSC napf. fuzi somatickeé buriky s
nékterou ze stavajicich linii ESC, inzerci nékterych genu, kdy se pomoci virovych
vektort do bunék vlozi geny, které reguluji prfepis genetické informace v burice a
zpusobi, ze se bunka proméni v bunku kmenovou

 KLF4, SOX2, c-Myc, Nanog, Oct-3/4, LIN-28 |

v

_..é- —y — -‘
m‘ﬂ'&"‘“’ 2 O, -o-

Adult Fibroblast Cell J Reprogram Cells

iPS cells

lf_. = d.‘

T~y : - fe o o= Hematopoietic
(ardiumyﬁ\ / \.\*' Progenitor Cells
Adipocytes ﬂﬂ&ﬁs Pancreatic B-Cells

() ‘ | Dopaminergic Neurons ! %Mﬂmﬁ&umﬂs

- R © R&D Systems, Inc.



IN VITRO TOXIKOLOGIE &
KMENOVE BUNKY

Gen Genova exprese

Priklad: Hepatotoxicita

Izol.hepa- HepG2
. tocyty
— Jatra — hlavni detoxikacCni organ S 100 05
— Biotransformace / bioaktivace toxickych latek Saess 100 0
. . CYP3A4 100 0
— Permanentni jaterni linie (napf. HepG2) — nizka UTGIAL 100 5.2
aktivita detoxikaCnich enzymu — mala relevance AldB 100 0
Albumin 100 12.3

(Guillouzo 2010, Toxicology 270)
In vitro diferenciace hESC do , hepatocyte-like cells*

hESC Culture
MTesSE + Matrigel

Endoderm
Differentiation
RPMI-B27 +
Af+Wnt3a
(3 Days)

Hepatic
Specification
SR-DMSO
(5 Days)

v

Hepatic
Maturation
L-15+ O5M

+ HGF
(9@ Days)

HLC
Characterisation

Day O
(Greenhough 2010, Toxicology 278)

Day 3

Day 6

Day 11



a Organotypic explant culture

1 Vyvoj novych modell

Growth

3D modely
Kokultivace vice typu bunék:

. . e Studium parakrinnich ucinku
o Strukturni a funkéni buriky

Polanization Differentiation . . B )
e (Oddélené membranami

Feeder-layer
« Mysi fibroblasty
» Podklad pro rast jinych b.

Bioreaktory, mikrofluidni systemy

d Artificial skin € Microcarrier culture

Fibre mesh | Fibroblasts Acherent cells



Concanf%tiqg
gradient S

Organ-on-chip - ~ L

> 3D microenvironment
» Multiple cell types
> Microfluidics

Lower inlet Upper inlet
—. Shear flow PE porous
— membrane
5>
- i
PE porous - o i
G — 00 00 00 00 00 00 OO0 00 00

& s

Kupffer cell ~ Stellate cell
00

Hepatocyte  Sinusoidal
endothelial cell

Human-on-chip
10-Organ Chip

» 3D microenvironment Heart Gl-tract

Brain

-

» Multiple modules representing 5 Liver
i Gl-tract Lung BN
different organs = .
. . . one
» Microfluidics ey Marrow
Skin
Endocrine
Kidney

Pancreas



MECHANISMY

chronické toxicity polutantu

* Princip: razné chronické ucinky chemickeé latky vychazeji ze
spoleéného biochemického mechanismu pusobeni
— Zakladni vysledky z mechanisticky zalozenych in vitro testu

Biochemické In vivo
ucinky ucéinky

— zhodnoceni in vitro ucinku jednotlivych latek
e Poznani zasadniho mechanismu, predikce rizika
* Mozné testovani vétSiho mnozstvi latek a vzorka (HTS metody)

— vyuziti pro hodnoceni rizik a/nebo monitoring
« Urceni relativnich potenci ("toxickych ekvivalenti") -> RA
« Biomarkery in vitro — pfima charakterizace komplexnich vzorku

Centrum pro vyzkum
toxickych latek
v prostredi
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Receptorove-mediované
mechanismy toxicity

ESTROGENNI RECEPTOR - ER

DNA-bind domain of the Oestrogen Receptor
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Testy receptorove-mediovanych mechanismu

» Jaderné receptory zahrnuji nékolik rodin receptoru: Androgenni receptor
(AR), estrogenni receptor (ER), progesteronovy receptor (PR),
glukokortikoidni receptor (GR) a mineralokortikoidni receptor (MR) jsou
hlavnimi predstaviteli rodiny steroidnich receptoru

 Aryl hydrokarbon receptor (AhR) — umistény v cytosolu

» Receptory slouzi jako poslové mezi genomem a extracelularnimi signaly, na
které musi bunka reagovat, aby prezila.

* Napf. AhR reguluji na zakladé interakce s xenobiotiky expresi enzymu |. a .
faze biotransformace a nékterych detoxifikacnich transportéru, které se
primo podileji na biotransformaci nebo exkreci xenobiotik.

Princip testu: sledovana aktivita reportéroveho enzymu odpovida potenci
latky €i smési pro interakci s receptorem

aktivita reporterového genu, napf. luminometrie - indukce nebo inhibice
reporterove luciferazy, nebo spektrofotometrie — indukce nebo inhibice
reporteroveé B-galaktosidazy

©)
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Studované mechanizmy ucinku

Interakce s jadernymi receptory
— dulezité mechanismy chronické toxicity

Toxicita dioxinového typu Anti/androgenita
« Aryl hydrokarbonovy receptor (AhR) ¢ Androgenni receptor (AR)
« indukce detoxikaénich systémul * vyvoj pohlavi, zejména samdich

pohlavnich charakteristik, Fizeni
reprodukce, karcinogeneze,
ovlivAuje rust, spermatogenezi

* naruseni funkce jater, imunity a
reprodukce, endokrinniho a nervoveho
systemu, karcinogenita, embryotoxicita

* ,cross-talk” s jinymi hormonalnimi Glukokortikoidni aktivita
signalnimi drahami « Glukokortikoidni receptor (GR)
| | * ovlivhuje vyvoj, metabolismus,
Anti/estrogenita immunitni odpovéd, reakci na stres

» Estrogenni receptor (ER)

. B Anti/retinoidni aktivita
 VyVvOj pohlavi, rizeni reprodukce,

karcinogeneze, ovliviiuje buné&énou * Receptor kyseliny retinove (RAR)

proliferaci a diferenciaci, vyvoj a  reguluje rast, morfogenezi, apoptozu

homeostazu a diferenciaci, ovliviuje nervovy a
Centrum pro vyzkum imunitni system, videni a

©)
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In vitro stanoveni dioxinove toxicity

- Stanoveni na bunéecne linii krysiho hepatomu
H4IIE.luc

- Pod kontrolu AhR-  _ f @ N

responsivniho Akt ty \
elementu vlozen Em H
gen pro luciferazu =~ * X et
N synteza /
luminometr < - luml‘(irizy
\
ATP + lucigenin

Inovace tohoto pfedmétu je spolufinancovana Evropskym socialnim fondem a statnim rozpo&tem Ceské republiky



In vitro stanoveni estrogenni
aktivity

Estrogen
or xenoestrogen

Vv

/

vVv?¥
\A

Ligand-Independent Activation

®) :
]

Protein Phosphorylation of ER: DNA Binding —_— £

4
. mRNA ¢
Cd

N
~ Pid
\~ Cd
- i
§~ "
““““
--------
-------------

|

el

toxickych latek
v prostredi
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In vitro biotesty k detekci dioxinové a estrogenni aktivity
T — ~ e —
BUﬁky H4”E'LUC l BUﬁky trypS|nOVényadéVkOVény BUﬁky MVLN
15,000 bunék/jamku l
s mcvcochooococvcereoroec>:cese s ccochoocoocvcvcereoroec>:cse
s mcvcochoococococvcereoorecse> s cvcochooccocovcereooe>:cse
s mcvcochoococococvcereoorecse> s cvcochooccocovcereooe>:cse
s ccochoococvceroocec>:cs> scTccocohoocooocvceocoocse>
fPvcvcoovoovoovrFroovoro o v fsvcvcoovoovoovovovrovo oo
s vc vcovoovoovoovcoo@vcoo@oo@o s vcvcoovoovovevcs o@vovce
s ccochoococvceroocec>:cs> scTccocohoocooocvceocoocse>
L X W 3 W 3 I W I BN N N L X W I W W W 3 W AN N W

Po 24 hodinach vyménéno medium, davkovan

Expoziéni doba : 3-72 hod

testovane latky

<

o
00000000
00000000
00000000
00000000

00000000
00000000 ~
00000000

00000000
00000000

Po expozici odstranéno medium, bunky vymyty pufrem a pridan Luclite reagent.

©)

Po 20 minutach mérena aktivita luciferazy v destickovem luminometru.
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In vitro testy na bunécnych liniich

- hodnoceni expozice latkami se specifickym mechanismem ucinku (latky s
dioxinovou, estrogenni aktivitou)

- reportéroveé bunécne linie transfekované genem luciferazy, ktery je

iIndukovan po navazani ligandu na receptor

- kalibrace odpovédi standardnim ligandem (2,3,7,8-TCDD pro dioxinovou

aktivitu, 17p-estradiol pro estrogenni aktivitu)

Vztah mezi dioxinovymi toxickymi ekvivalenty stanovenymi v biotestu
na bunécné linii (TCDD-EQ) a spocCitanymi z vysledku chemickych analyz

1600
y=1,1217x- 36,261
2 _
1200 R®=0,9422
2 (4
(@) *
o
~ 800 - *«
o
L *
= *
400 - S S
.
.
O e T T
0 500 1000

TCDD-EQ (pg/g)
\‘// | v prostredi

1500

TEQ [pg/g]

30000

25000 -

20000

= (o

o ul

o o

o o

o o
| |

5000 -

y=1,0764x+ 723,67
R?=0,8345
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Srovnani rtiznych latek -> Pouziti v hodnoceni rizik

« Kvantifikace ucinku (ECg) - relativni potence
e Srovnani s ucCinkem referencniho toxikantu (2,3,7,8-TCDD)
* \lyjadreni jako relativni potence/ Ekvivalen¢ni Faktor (~ REP/TEF)

120~ —&-TCDD
: TCDD EC50 TCDD
ool PAH:  ECeypan
80 | Relativni potence

REP = ECsp rcop / ECso pan

60

40

207

1.E-07 1.E-04 1.E-01 1.E+02

Kolikrat je ta latka slabsi ligand
nez TCDD ?

AhR-mediated activity (%TCDD-max)

concentration gM)
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Toxické equivalencni faktory pro
PCDDs, PCDFs a PCBs:

Table 4. Toxic Equivalent Factors established by the WHO (WHO-TEFs) for dioxins and dioxin-like PCBs [4]
PCDD Congener WHO-TEF PCDF Congener WHO-TEF PCB Congener WHO-TEF
2,3.7.8TCDD 1 2,3.7.8-TCDF 0.1 Mon-ortho
12,37 8-PeCDD 1 12,3,7,8-PeCDF 0.05 PCB#81 0.0005
12347 8-HxCDD 0.1 23478-PeCDF 05 PCB#77 0.0005
12367 8-HxCDD 0.1 123478-HxCDF 0.1 PCB#126 0.1
12,3,7,89-HxCDD 0.7 123678-HxCDF 0.7 PCB#169 0.0
1234678-HpCDD 0.01 234678-HxCDF 0.1 Mona-ortho
QCDD 0.0001 12,3,7,89-Hx CDF 0.1 PCB#105 0.0001
123467 8-HpCDF 0.0 PCB#114 0.0005
1234789-HpCDF 0.01 PCB#118 0.0001
OCDF 0.0001 PCB#123 0.0001
PCB#156 0.0005
PCB#157 0.0005
PCB#167 0.00001
PCB#189 0.0001

Eljarrat & Barcel0, Trends Anal. Chem.22: 655

Centrum pro vyzkum
toxickych latek
v prostredi
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Testovani komplexnich vzorku ze
zivotniho prostredi

* vzorky vzduchu, sedimentd, pud

e rychly screening znecisteni

* hodnocena toxicita, genotoxicita,
dioxinova a estrogenni aktivita

o vybér vzorku pro podrobngjsi

studium/analyzu
* spojeni s analytickou chemii,
frakcionace

Problem reprezentativnino vzorkovani,

uchovavani vzorku

,pseudopersistentni latky*

— kontinualni expozice nizkym davkam

Mohilni
¢ast

[ [IRT=1=11151} ]

Biodostupna cast

I Moedosarerna ]

xtrahovatelna cast Suma kommninace}l

Toxicita vodného Toxicita organického

vyluhu - ve vodé extraktu - celkova
rozpustna (mohilni) (extrahovatelna

c¢ast kontaminace c¢ast) kontaminace




Vyhody toxikologickych in vitro testl
» rychlost, citlivost, reprodukovatelnost, snadnost provedeni, mensi naklady

» ukazuji celkovou biologickou aktivitu latek, které pusobi specifickym
mechanismem

* moznost provést screening velkého mnoZzstvi vzorku

 mohou poukazat na pritomnost toxikologicky vyznamnych latek, které nejsou
bézné analyticky stanovovany

» sleduji i mozné interakce (jako synergismus €i antagonismus) pusobeni latek
v komplexnich smésich

Nevyhody toxikologickych in vitro testu

» nezohlednuji biotransformaci latek v organismu

* nemohou plné nahradit enzymaticko-imunitni reakci ziveho
organizmu

* neposkytuji informaci o tom, které jednotlivé latky ze smési
vyvolaly odpoveéd

» poskytuji informaci jen o celkové aktivité latek pusobicich
urCitym specifickym mechanismem

©)
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automatizované systemy
LTS MTS

1000s/den

. 10,000s-
10s-100s/den 100,000s/den

Relevance pro lidi/
Naklady/Komplexn

Mnozstvi testu/
Jednoduchost

Centrum pro vyzkum
toxickych latek
v prostredi
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Paradigm Shift in Toxicity Testing : Tox21
Balance between certainty and cost

Standard rodent Alternative Biochemical- and cell-based
toxicological tests animal models in vitro assays

10—100/year 100—-10,000/year >10,000/day

Human experience
1-3 studies/year

Immediate human relevance




)

Chemical Exposure

96-, 384-, 1536 Well Plates

automatizované systémy

Eell Population

384, 1536 az 3456-
jamkoveé mikrodesky,

Cipy

Assay Target Biology
(e.g., Estrogen Receptor)

Charakterizace Bioaktivity (Bioactivity Profiling)
- biologicky relevantni characterizace chemickych latek
- vysoka kapacita testovani
- nutny vyvoj a validace

Centrum pro vyzkum

itk mmmdp ToxCast

©)
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In vitro testy

$Thousands

HTS
-omics

in silico analyzy

Bioinformatics/
Machine Learning

D> seseee

Cancer
ReproTox
DevTox
NeuroTox
PulmonaryTox

ImmunoTox

Centrum pro vyzkum
toxickych latek
v prostredi

EPAs Contribution: The ToxCast Research Program

www.epa.gov/ncct/toxcast



* Research program of EPA's National Center for Computational Toxicology
/\ ToxCast m or EPS e o

» Addresses chemical screening and prioritization needs for pesticidal inerts,

To 7 > 600 assays, anti-microbials, HPVs and MPVs

>8000 chemicals * HTS technologies to generate biological flngerprlntsand predictive signatures
o0 ~500 Total Endpoints - 1536 I[ HTS
SEPA  ToxCast HTS Assays 8

gﬁi.sg?é’g'.?fm.m,cm ‘ Cellular Assays | » 10,000 chemicals
Biochemical Assays | * Cell lines « 25 assays per year

HepG2 human hepatoblastoma
- A549 human lung carcinoma
- HEK 293 human embryonic kidney

« Protein families

GPCR
=S « Primary cells

Kinase - Human endothelial cells
— Phosphatase - Human monocytes
_ Protease - Human keratinocytes
_ Other enzyme ~ Human ﬂbroplasts ‘

Human proximal tubule kidney cells

- lon channel

- Human small airway epithelial cells
- Transporter - Rat hepatocytes
- Mouse embryonic stem cells (Sid Hunter)

« Assay formats
~ Radioligand binding
Enzyme activity
Co-activator recruitment

S EPA 55 o %“ﬂﬁﬂgh_‘_ N@éqg m

MIM CrEmicas Genomics Cusin

+ Biotransformation competent cells
- Primary rat hepatocytes
- Primary human hepatocytes

+ Assay formats

Primarily Human / Rat : gytotoxicity Tox21 -
Exception: Zebrafish development (Stephanie Padilla) - Reporter gene .
Gene expression i3 QTED 51‘4;3_ Launched in 2008
Office of Research and Development Biomarker production D

Computational Toxicology Research Program

10,000 chemicals
14 concentrations, 4 logs, 3 replicates
1536 well plates, 2-8 uL volumes
~70 assays

- High-content imaging for cellular phenotype

ToxCast -
— Launched in 2007

— App. 8000 chemicals

— 700+ assay endpoints (cellular and biochemical assays)

— 300 signaling pathways e
)
SN pon s Oreptatracycive e detren, s LE I ﬁwm:M
S ENE L0 Aenten e ] At b 1 s s ot Actsety
,,,,,, e i i
b i < sl
AR e Atva aguak 1.9 Baetert Aty
T Mettolrenste Etive ogua S Freoert At
X farentrum profeliky8! FOoD & DRUG té\ National Toxicology Program o i e - R~ -
Hs‘a‘loﬁﬁggwch latd ADMINISTRATION = = US.Departmentof Health and Human Services s s e B T S S
#0155 Tarrw aced Bctrvn ook rin 4 e »n Peroee Actnet
v prostred| M7 Mernre e Betve s 26 B9 048 DML NS LT Peowease
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https://www.youtube.com/watch?v=T4K-YrqtwZA
http://www.epa.gov/ncct/Tox21/
http://www.epa.gov/ncct/toxcast/

Toxicity Forecaster

(ToxCast™)

Computational toxicology
research (CompTox) integrates
advances in biology,
biotechnology, chemistry, and
computer science to identify
important biological processes
that may be disrupted by the
chemicals and tracing those
biological disruptions to a
related dose and human
exposure

The combined information - helps
prioritize chemicals based on
potential human health risks.

o0 Chemistry Dashboard -

Phase lll

Initiated: 2014

Phase Il Y
Released: 2013 L

]
]
/rﬂ'lemltalse't:"phl_ﬂ:\ ;

1

. 2 h ical %
{ Chemical set: “phl w1* 93 chemicals \
.

Phase |
Released: 2010

" Chemical set: “ph3"
; + =200 assay endpaints
*+ 310 chemicals PO !

1 = Assay testing im process
* <700 assay endpoints

: "ph2"
Chemical set: “ph2 * 2,678 chemicals

+ 768 chemicals ]
« =900 assay endpoints r ;
Chemical set: “elk" 4 S A
* 799 chemicals ' ]
|\.- ~50 assay endpoints ]

__________________________

Phase | (proof of concept, 2007-2009, released 2013)

over 300 chemicals well studied chemicals (primarily pesticides, well characterized
in animal-based studies) in over 500 HTS assays/endpoints

Phase Il (completed in 2010, released 2013):

~ 1800 chemicals from a broad range of sources including industrial and consumer
products, food additives, and potentially “green” chemicals that could be safer
alternatives to existing compounds) in over in 700 HTS assays/endpoints
covering a range of high-level cell responses and approximately 300 signaling
pathways = the EPA's Endocrine Disruption Screening Program (EDSP)

Phase Il (from 2014)

~ 4,500 chemicals consisting of the major portion of the Phase Il testing library +
newly added ph3 ~ 2,600 chemicals chemical subset (including EPA chemicals
previously included in the Tox21 library - that were not part of Phases | or
Il of the ToxCast program) up to 2000+ HTS assays/endpoints ( )


https://comptox.epa.gov/dashboard/chemical_lists/toxcast_phaseI
https://comptox.epa.gov/dashboard/chemical_lists/toxcast_phaseII
https://comptox.epa.gov/dashboard/chemical_lists/tox21sl%E2%80%9Dtarget=%E2%80%9D_blank%E2%80%9D
ftp://newftp.epa.gov/Computational_Toxicology_Data/High_Throughput_Screening_Data/InVitroDB_V3.1/Full_Assay_Documentation_2019-04-26.pdf
https://comptox.epa.gov/dashboard/chemical_lists/toxcast_phaseIII
https://comptox.epa.gov/dashboard

ToxCast /Tox21 Overall Strategy

e Identify targets or pathways linked to toxicity (AOP focus)

 |dentify/develop high-throughput assays for these targets or
pathways

* Develop predictive systems models: in silico/in vitro — in vivo
e Use predictive models (qualitative):

‘1Prioritize chemicals for targeted testing

1Suggest / distinguish possible AOP / MOA for chemicals

« High-throughput Exposure Predictions (ExpoCast)
« High-throughput Risk Assessments (quantitative)

©)|:
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ToxCast Assays (>700 endpoints)

-

Apredica
Attagene
BioReliance
BioSeek
CeeTox
CellzDirect
Tox21/NCATS
NHEERL MESC

NHEERL Zebrafish
NovaScreen (Perkin Elmer)

Odyssey Thera
Vala Sciences

ﬁ?,iological Responsh

cell proliferation and death
cell differentiation
Enzymatic activity
mitochondrial depolarization
protein stabilization
oxidative phosphorylation
reporter gene activation
gene expression (gNPA)
receptor binding
receptor activity

J

\

steroidogenesis

/ Target Family )

response Element
transporter
cytokines
kinases
nuclear receptor
CYP450 / ADME
cholinesterase
phosphatases
proteases
XME metabolism

GPCRs

\ ion channels /

96-well plate

J84-well plate

( Assay Design \

viability reporter
morphology reporter
conformation reporter
enzyme reporter
membrane potential reporter

binding reporter
. /

inducible reporter

r
Read:i)nl;'reT\/pe [ Species ) s
_ human Lung Breast
multiplexed
\_ multipaeametric ) ret Liver Vascular Fluoresgg:;?cli_frl;:;zscence
mous.e Skin. Kidne.y Alamar Blue Reduction
(" Cell Format ) zebrafieh cervix Testis Arrayscan / Microscopy
sheep Uterus Brain o
cell free boar Intestinal Spleen Reporter gene activation
cell lines rabbit Bladder T Spectro.phot.c:r‘me"cryr
primary cells cattle Pancreas  Prostate lzElrasn
complex cultures \ guinea pig _/ Inflammatory Bony “lpacans) JHEE
J \ TR-FRET

\_ free embryos

List of assays and related information at: http://www.epa.gov/ncct/




ToxCast In vitro data (467 assays)

4=_L=_ | s B
III IIII I I |

B Cell Free HTS
B Multiplexed TF
Human BioMap S
V=TS SRR R ARG R T e
IV Es PR

Impedance
I Genotoxicity

Chemicals
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ToxCast In vitro data (467 assays)

Bisphenol A

oo
o

O O =
o O O
: | |

# Assay Hits

111 “hits”

N W b
o O O
| | |

-
o

o . |

<0.01 0.1 1 10 100 >100
AC50/IC50/LEL Concentration (uM)
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Predicting Human Toxicity:

The Grand Challenge in Toxicology

Complex
Cellular and
HCS HTS
. . —A ToxRefDB
Biochemical Tissues N
HTS
-,

Tissue Molecular : city
Dose Targets —

Molecular

Pathways
v
Cell-Based Model
HTS Organism
MTS

Virtual Tissues

Centrum pro vyzkum
toxickych latek
v prostredi
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method used in biological research and drug discovery to identify substances
such as small molecules or peptides that alter the phenotype of a cell.

(1) Assay development.

(2) Robotics for scaling up
the screening process

(3) Image acquisition

(4) Image analyses — high
content

Plate WE Field Compartments Features Phenotype

Apoptosis

W - ) 4 Mean nuclei size
W N o o v Nuclei intensity GD—arr:?st
‘ 4. | ! .o Cell size Necrosis _
e A | TN Cell intensity Translocation

0___,,_-—?Organelle elongation Receptor activation
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