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« princip zhromazdovani informaci vedouci k propojeni znalosti,
které popisuji mechanismus ucinku urcité chemicke latky s
praktickym stanovenim rizika a nastavenim regulacnich norem

Carusi, 2018, Sci Total Env



In silico toxikologie / machine learning

Raies, 2016
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- predikce a modelovani na zaklade struktury latky
- srovnavani s databazemi latek, kde je znam vztah struktura-toxicita




In vivo VS.

In vitro

komplexni tkanové
prostredi organismu
uroven metabolismu
odpovida realné situaci
efektivni urCeni poméru
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zazemi pro chov
dedikovany personal
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In vivo toxikologie

pr. zebrafish

>

vyhody Zebrafish modelu

G . _ Response element Reporter gene
- monitoring pritomnosti

toxickych latek
- odhaleni mechanismu ucinku
- testovani vlivu urC. genu Ci
signalni drahy na toxicitu
vyvolanou testovanou latkou
- tkanové prostredi

zebrafish zygote

Neuro-
toxicity
Circadian

Dai, 2013
Ees Cassar, 2020

Develop-



In vivo toxikologie . |
pf. zebrafish
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In vivo toxikologie

pf. zebrafish

pr. testovanych parametru
- FET - fish embryo acute toxicity test

Table 1. Apical observations of acute toxicity in zebrafish embryos 24 - 96 hrs post fertilisation.

Exposure times

24 hrs 48 hrs 72 hrs 96 hrs
1 . Coagulated embryos + + +
2 . Lack of somite formation + + i
3 . Non-detachment of the tail + + ¥ 4
4 . Lack of heartbeat + + "

Fig. 2: Lack of somite formation: Although retarded in development by approx. 10 hrs, the 24 hrs old
zebrafish embryo in (a) shows well-developed somites (—), whereas the embryo in (b) does not show any

sign of somile formation (—). Although showing a pronounced yolk sac oedema (*). the 48 hrs old
omites (—), whereas the 96 hrs old zebrafish embryo | e St N O 2 3 6 - E D
ati =

zebrafish embryo in (c) shows distinet formatios
depicted in (d) does not show any sign of somit tion (—). Note algo the spinal curvature (scoliosis)
and the pericardial oedema (*) in the embryo sh. in(d).




In vivo toxikologie . |
pr. zebrafish
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In vivo toxikologie

kovu

pf. kombinace propojeni in vivo modelu v testovani toxicity ¢astic

Toxicological Screening

In vitro

Invivo
{Zebrafish)

\e

Cell Viability

1204
a4
104
20
40
204

U

¥

e

—ea—Neg. Ciff ——Pot Cirl
——Fal s M
—— FaZ —— MAFal

d

F I I T T *

Embryos Survival Score

1004
04

o B 5 8

—— Fal \_
41—+ MnFei \.

e e T2 \.
T *

[

2 L5 %o 105

Toxicological
Screening

pr. zebrafish

Caro, 2019




In vivo toxikologie

Magnetic pf. hlodavec
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(comet assay, micronucleus assay)

Fig. 5 Frequent assays and parameters evaluated when in vivo toxicity studies of nanoparticles are
performed

Magnetic Nanoheterostructures, 2020




In vivo toxikologie — ex vivo modely
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iii) The eye is positioned horizontallyand  iv) The eye is flushed with v) The eye is returned to the
the testsubstance (liquid or solid) applied. isotonic saline. superfusionchamber for analysis.

pr. kure, kralik, praseci Ci hovézi rohovky

Wilson, 2015




In vivo toxikologie — In ovo model

CAM - Chorioallantoic Membrane

L/

WL BN |

CAM

N1 ..

i) Egg opened and ii) Test substance (liquid or solid) iii) Test substance rinsed iv) CAM evaluated for signs of
CAM exposed. applied to the surface of the CAM. from CAM. hemorrhage, coagulations

and/or vessel lysis and scored.

Li, 2015
pr. kureci vejce Wilson, 2015




In vivo toxikologie — In ovo model

CAM - Chorioallantoic Membrane (to 3:58 min)

Li, 2015
pr. kureci vejce Wilson, 2015



In ovo model v nanotoxikologii

|

. \INCUBATION OPENING of the EGGSHELL

Buhr, 2020

NOCICEPTION

iDM’o \ DAY1 DAY2

DAY3 DAY4

DAY 6  DAY7 | DAY S

DAY 5

DAY 9 DAY 10 DAY 11 DAY 12 DAY 13 DAY 14 DAY 1°

‘INJECTION into ALBUMEN

Il
INTRAVASCULAR INJECTION
|
ADMINISTRATION on CAM

-

Fertilized chicken eggs are
rinsed using distilled,
autoclaved water and stored
horizontally in an incubator at
~38°C.

are removed with a surgical
syringe and the punctuation
side is covered with an
adhesive strip. Two adhesive

On day three 6 ml of albumen | Subsequently the eggshell is

partially opened with sterilized
scissors allowing exposure of
the developing CAM. The

opening is then covered with

We performed

experimental protocols

intravascular
injection starting from, day 8 of
embryonal development. Other
working groups have described

with

strips are then affixed on the
upper side of the eggshell to
improve stability and durability

The injection side was
subsequently coagulated using
silver nitrate pens to avoid
excessive bleeding.

o_f the eggshell !)gfo;e_ incision.

If particles are fluorophore-
labeled particles in  wvive
microscopy can be performed
at different time points after
intravascular application,
allowing quantification and
tracking of nanoparticles in
the bloodstream.

intravascular injection as soon
as day 3. We used a 30G
Needle to punctuate a specific

Parafilm® to avoid evaporation
and infection.

the egg is broken over a petri
dish. Subsequently the CAM
is loaded onto a spatula,
excised, and transferred to a
second petri dish filled with
water.

For-_isolati_on- _of_ _C_AM_ tissue |

| vessel on the CAM.

Histological samples are then

transferred  into embedding
cassettes and stored in 4%
formalin. Organs are isolated
by surgical dissection and also
stored in embedding cassettes.
For preservation, the cassettes
are stored in 4% formalin.



Cons

- Limited intramuscular injection volume™
- Limited blood sampling. may necessitate

- Widely used for drugs and chemicats

- Large amount of historical control data
- Mid-sized rodent

- Larger group size vs rabbit or NHP

» (ften used for non-clinical immunology
- Large amount of historical control data
- Larger group size vs rabbit or NHP

- |arge non rodent
- ‘Sufficient blood sampling volume
- Full intramuscidar injection volume™

= All for most) endpoints can be measured in

each animal
- Human:animal body wt ratio lower than
rodent

- Limited intramuscular injecBon volume®
- Limited blood sampling, may necessitate

satellite groups for additional sampling
- Small rodent

satellite groups for additional sampling!
meastrement

Human-animal body wt ratio higher than
rabhit

Limited intramuscular inkection volume®®
Limited blood sampling, may necessitate
satellite groups for additional sampling
small rodent

May not be possible to measure all end-

points in each animal
Human-animal body wt ratio higher than
rabhit

- Deficate husbandry
- Limited historical control data for some

study types
- Mo vrinatysis or CV
- Smaller group size vs rodents

- Limited nembers, small proup size vs
rodents or rabbits

- Expensive

- Ethical issues
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Moderni metody v toxikologii
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Osnova

Moderni in vitro metody v toxikologii

L/

Higher specificity
Loss of realism

Universality
Confounding factors

Pathology

Genomics &
Epigenomics

Transcriptomics Proteomics Metabolomics

S B

gDNA Pre-mRNA mMRNA Polypeptide Protein Metabolites Phenotype

WL BN |

N1 ..

¥

‘Tra,nscriptionl | Spli‘cin_g I ‘Translation | I Fo_I;ing_ |

Fig. 1 A simple overview of gene expression in eukaryotes and its relation with omics methods and their analytical targets. Not all
mechanisms intervening in the regulation of gene expression are represented (such as interference RNAs), as well as post-translational
modifications (like phosphorylation and glycosylation) and eventual degradation of proteins by proteases and the proteasome. However,
all these factors have important consequences for omics measurements.

Madeira, 2021
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Moderni in vitro metody v toxikologii

Genomika

Transkriptomika pf. RNAseq, GROseq, ATACseq
Proteomika pf. Hmotnostni spektrometrie (MS)
Metabolomika pf. HPLC-MS/MS

Kvantitativni vysokokapacitni analyzy gHTS assays
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Moderni in vitro metody v toxikologii

Genomika

Transkriptomika pf. RNAseq, GROseq, ATACseq
Proteomika

Metabolomika

Kvantitativni vysokokapacitni analyzy
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Transkriptomika

| T ’ Select RNA fraction of interest
- - globalnl analyza (poly(A), ribo-minus and others)
L transktriptomu ik i

~ s AAA AAA

AAA

Quantitate
(relative, absolute, nonmolar and others)

3x ¢ 1x



Transkriptomika

GRO-seq
- globalni analyza aktivni transkripce

b

L/

WL BN |

GLOBAL RUN-ON SEQUENCING (GRO SEQ)

B\

» Br-UTP | = \
s ol L i \\ — e N _
— P I 1“ R
A —
Run-an with analog Isolate and Hydrolyze Bead coated with a-BrdUTP  Elute Heverse cDNA
antibvody Cap removal Tfﬂﬁit_'“[.‘l'ﬂn

End Repair Amplification

A. Active RNA Polymerase is allowed to run on in the presence of Br-UTP..
B. RNAs are hydrolyzed and purified using beads coated with Brd-UTP antibody.
C. The eluted RNA undergoes cap removal and end repair prior to reverse transcription to cDNA.

D. cDNA is sequenced.




Transkriptomika

ATAC-seq
- globalni analyza pristupnosti chromatinu

Closed chromatin Open chromatin

#H P

Vi< « M I

N1 ..

Amplify and sequence




Transkriptomika

« kombinaci téchto metod Ize ziskat informaci o zméné profilu
genove transkripce indukované testovanou latkou

» nasledné analyzy pomoci ,free” ¢i placenych nastroju mohou
T naznacit biologicky proces, drahu €i signalizacni spousStéc (pr.
, - GSEA, IPA)

!

{:  identifikace genovych podpisu spec. pro ur€. skupinu latek
E * nominace cilovych genu pro vytvoreni reportérového systému
N * vyhody — globalni meritko, rychla a relativné nenarocna

priprava vzorku

* nevyhody — cena, nutnost bioinformatického zazemi pro
nasledné zpracovani dat a s tim se pojici nutnost vypocetni
kapacity

» nutnost verifikace dat dalSimi metodami — RT-gPCR, WB atp.
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Moderni in vitro metody v toxikologii

Genomika

Transkriptomika

Proteomika pf. Hmotnostni spektrometrie (MS)
Metabolomika

Kvantitativni vysokokapacitni analyzy
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Proteomika

'/,; op-Down“ proteomika

b

— analyza intaktnich proteinu
- identifikace proteinovych izoforem
- mapovani proteinovych modifikaci

“Bottom-Up” proteomika

- Stépeni proteinu na peptidy, separace
- nejCasteji pouzivany pristup

cilova analyza — ESI/LC-MS/MS




Proteomika

A) Proteoforms B) Bottom-up Approach C) Top-down Approach
) o _m 4 C__w
_ ] Tryptic digest Electrospray
P ionization
.'I - -= —
AL oY - - %
.‘ b s =D 8
i '. Peptides Intact precursor ion
; _E l g:gﬂ?{:ﬁmy lFragmentatinn
s ~ = o
- = - 4 L =
.[ Peptide lons Fragment ions
-l
»
% TO P"DOW N (:;;g;l;;ggat;;r;) ————— Protein or peptide MS
b Data analysis
PROTEOFORM
e IDENTIFICATIONS
r{‘“w Proteome
o extraction Protein ID
W ....... . @ S % /z&) o Quantitation
- PTM Mapping
Cell or tissue : Fioteofoms
: CANONICAL
In-gel separation PROTEIN
(SDS-PAGE) _ IDENTIFICATIONS
Data analysis (including amino acid
BOTTOM-UP e » Digestion —— 2DLC —— Peptide MS variants)
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Moderni in vitro metody v toxikologii

Genomika

Transkriptomika

Proteomika

Metabolomika pf. HPLC-MS/MS

Kvantitativni vysokokapacitni analyzy
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Physical
environment
Nutrition and Soclal
Exerese networks
Exposure
Drugs
Chemicals i
Smoking | Economics
Alcohol
Stress
Behavior
Anxiety
Lifestyle factors Depression
Aggression
Impact the
metabotype
Mathematical modeling and pathway analysis
Diagnostic Mechanistic
biomarkers insights

T

A

Metabolomika

Early detection for
early intervention

Disease diagnosis
and treatment
monitoring

Identification of
exposure
reduction

prioritization

Target

identification for
drug or nutritional
interventions

 informuje o vlivu expozice na
biochemické urovni a poskytuje
biomarkery spojené s aktualnim
stavem expozice jedince, jeho
zdravotnim stavem atp.

* bunécné a tkanové zdroje —
moc, sliny, serum...

» koncept ,exposome” =

,2kumulativni analyza
environmentalnich vlivl, stravy,
chovani atp. na biologicke procesy
v prubéhu zivota jedince”

Molecular and Biochemical
Toxicology, 5th edition




Ukazka propojeni ,,omic*“ metod

Environment International 157 (2021) 106802

Contents lists available at ScienceDirect a

Sironment
BATICFAL

Environment International

journal homepage: www.elsevier.com/locate/envint

' L)
- Integrated multi-omics analysis reveals the underlying molecular i
! mechanism for developmental neurotoxicity of perfluorooctanesulfonic
> acid in zebrafish
L

Pilje Kim ¢, Tae-Young Kim “ %, Sangkyu Lee ", Ki-Tae Kim ™

* Deparmment of Environmental Engineering, Seoul National University of Science and Technology, Seoul 01811, Republic of Korea

b BK21 FOUR Communiry-Based Intelligent Novel Drug Discovery Education Unit, College of Pharmacy and Research Instinute of Pharmaceutical Sciences, Kyungpook
National University, Daegu 41566, Republic of Korea

© School of Earth Sciences and Environmental Engineering, Gwangju Institute of Science and Technology, Gwangju 61005, Republic of Korea

4 Environmental Health Research Department, National Instirute of Environmental Research, Incheon 22689, Republic of Korea

« PFOS - transkriptom, proteom, metabolom
- indukce vyvojové neurotoxicity
- deregulace oxidativniho stresu a energetického metabolismu
- indukce zanétu, deregulace Ca?* signalizace, deformace
axonu

Lee, 2021



Ukazka propojeni ,,omic*“ metod

Contents lists available at ScienceDirect

Total Environment
.5 -'l Science of the Total Environment € ™
| 'E journal homepage: www.elsevier.com/locate/scitoteny
b |
”
‘ Metabolomics and proteomics study reveals the effects of benzo[a]pyrene on ()
‘E the viability and migration of KYSE-150 esophageal cells f=
: Yuting Shen, Guangshan Xie, Siyi Lin, Lin Zhu, Hongna Zhang, Zhu Yang *, Zongwei Cai
‘.\ State Key Laboratory of Environmental and Biological Analysis, Department of Chemistry, Hong Kong Baptist University, Hong Kong, China

« kombinaci metod Ize ziskat informaci o zméné profilu genove
transkripce indukované testovanou latkou a zaroven
identifikovat biomarkery expozice v prislusné tkani




Ukazka propojeni ,,omic*“ metod

Shen, 2022
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Fig. 1. Schematic workflow of the integrated metabolomics and proteomics study approach applied in the present study.

B\

- Bla]P caused reduced cell viability and in- (C) swsw H202 Bla]P
creased oxidative stress in esophageal Ij:@;ﬁg:'ih - 0,
cells. — disbalance

« In response to B[a]P treatment of cells,
TXN was upregulated and GSH depleted.

« B[a]P induced the expression of both XN
tumor suppressor and promoter proteins, .
such as S100 family, AXN, Basigin and

Serpin B5.
» B[a]P not only inhibits cell proliferation S5
but also impairs the cell mobility of the u-.

esophageal epithelial cells. | : H20
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Moderni in vitro metody v toxikologii

Genomika

Transkriptomika

Proteomika

Metabolomika

Kvantitativni vysokokapacitni analyzy gHTS assays
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- standartni testy cytotoxicity a proliferace
- aktivita NADPH oxidaz (pf. MTT test)
— spotfeba ATP (pf. Cell TiterGlo)
- poskozeni membrany (pf. LDH assay)
- produkce aminu (pf. Live/Dead fixable dead cell stain)
- mnozstvi DNA (pf. CyQuant)



Moderni in vitro metody v toxikologii

Genomika

Transkriptomika

Proteomika

Metabolomika

Kvantitativni vysokokapacitni analyzy gHTS assays

ok~ wbh -~

- specifické testy
- kvantitativni monitoring bunécné morfologie pomoci impedance
- reportéry enzymaticke aktivity
- reportéry transkripCni aktivity (pr. Attagene Transfactorial, CALUX)
- disrupce mezibunécné komunikace (pf. GJIC, TEER)
- detekce disrupce syntézy a metabolismu hormon




Monitorovani bunééné impedance S\ ACEA

)/ 4

» stanoveni vlivu testované latky na zakladni bunecne
parametry vC. cytotoxicity

W
Lo
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©
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» Analyza rustu, proliferace, adheze
Solly, 2004
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Monitorovani bunécné impedance

A Section 508-conformant HTML version of this article

Resea rc h is available at https://doi.org/10.1289/EHP7102.

Aggressiveness and Metastatic Potential of Breast Cancer Cells Co-Cultured with
Preadipocytes and Exposed to an Environmental Pollutant Dioxin: An in Vitro and
in Vivo Zebrafish Study

Meriem Koual,"*3" Céline Tomkiewicz,”* Ida Chiara Guerrera,” David Sherr,” Robert Barouki,’? and Xavier Coumoul'-?

"UMR-S1 124, Institut national de la santé et de la recherché médicale (Inserm), T3S, Toxicologie Environnementale, Cibles thérapeutiques, Signalisation

cellulaire et Biomarqueurs, Paris, France
2Servlce de Chirurgie Cancérologique Gynécologique et du Sein, Hopital Européen Georges-Pompidou, Assistance Publique-Hopitaux de Paris. France

Umverslte de Paris. Paris, France
*Plateforme protéomique 3P5-Necker. Structure Fédérative de Recherche Necker, Université de Paris, US24/CNRS UMS3633, Inserm, Paris, France

*Department of Environmental Health, Boston University School of Public Health, Boston, Massachusetts, USA

priklad in vitro vs. in vivo prinosu

Koual, 2021



Monitorovani bunécné impedance
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Figure 1. Co-culture model and real time MCF7 cells analysis. (A) Presentation of the 2D co-culture system and the protocol. (B) xCELLigence dynamic mon-
itoring of MCF-7 cells, A representative graph from xCELLigence system: cell index (CI) profiles are the mean + SD (duplicate) of each condition: Control
(*, vehicle MCF-7 cells, alone), TCDD ($, MCF-7 cells treated with 25 nM TCDD), co-culture (€, MCF-7 co-cultured with hMADS) and coexposure (&, co-
culture with TCDD). (C) The evolution of the CI for each condition was determined by analyzing the slope of the line in the interval (2648 h). Each graph
represents the mean slope (in bold) compared with the control + SEM for six measurements. The numerical information mean + SEM and p-values are provided
in Table S1. (Kruskal-Wallis's H test (nonparametric comparison of k independent series) followed by a 1-factor ANOVA test (parametric comparison of & in-
dependent series), **p <0.01; *p <(.05). Note: ANOVA, analysis of variance; SEM, standard error of the mean; TCDD, 2.3.7 8-tetrachlorodibenzo-p-dioxin.

Koual, 2021




Monitorovani bunécné impedance
vs. in vivo test Sireni metastaz

MDA-MB-231
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Figure 6. Measurement of metastatic spread of MCF7 and MDA-MB231 cells in zebrafish larvae in vivo models Human RFP-MCF7 (left) or RFP-MDA-MB-
231 (right) cells cultured with conditioned media from different conditions, were injected into the perivitelline space of 2-day-old zebrafish larvae [Control (ve-
hicle MCF-7 cells, alone), TCDD (MCEF-7 cells treated with 25 nM TCDD), co-culture (MCF-7 co-cultured with hMADS), and coexposure (co-culture with
TCDD)]. Fish were imaged 24 h later at 8.5 X magnification by fluorescence microscopy. (A) Representative images from 21-46 fish/group. (B) Quantitation
of (a) the number of fish with one or more metastases and (b) the average number of metastases,fish+SE. Graph represents means + SEM of three measure-
ments. The numerical information mean + SEM and p-values are provided in Table S8. (Kruskal-Wallis’s H test (nonparametric comparison of k independent
series) followed by a 1-factor ANOVA test (parametric comparison of k independent series, * p < 0.03). (C) The percentage of fish with metastasis in the head
region. Each experiment was repeated in triplicate (MCF-7) or quadruplicate (MDA-MB-231) with 7-12 fish per condition in each experiment. Note:
ANOVA, analysis of variance; SEM. standard error of the mean; TCDD. 2,3.7.8-tetrachlorodibenzo-p-dioxin.

- efekt dioxinu na formaci metastaz Koual, 2021




AXION

Mikroelektrodove arrays BI0SYSTEMS

Imagine » Explore « Discover

> sit’ elektrod monitorujici elektricky odpor vytvareny
bunkami

> méri elektrickou aktivitu bunék

Mean Firing Rate = # of Spikes / Time Burst of Action Potentials

e ®@
) e— Q0

1213 a8
Activity — Oscillation

g

Synchrony

Axion Biosystems



AXION

Priklad testovani neurotoxicity BIOSYSTEMS

Imagine » Explore « Discover

MEA preparation

« 384 ToxCast compounds (222 active in single-concentration screen) were screened in
a concentration range (7 concentrations, 0.03-40uM)

L/

i « Compounds were analyzed in 43 parameters (including MFR)
= ‘ 1. Primary cortical neurons . .
S are cultured in 48-well MEA 1. Characterize chemical
Ny plates for s days —I potency and assess
’ multiple parameters
[ 2. Develop a method to
- - distinguish between
> — D neuroactive and non-
\ \ = | " neuroactive compounds
|'I_T'E_h]'_] | ; rra——y 3. Dgtgrmiqe what could be
[ ] Axion Maestro MEA driving different
- A Dateminepammetera'cﬂwty in each well for 40 min e neuroactmty paﬂerns
I o |\ prior to and after treatment with compounds

Axion Biosystems




TEER analyza

,1ransepithelial electrical resistance”
» mereni permeability buneCnych membran skrze méreni

. elektrickeho odporu

b » test disrupce mezibunecnych spojeni

l L . N .
= » monitoring permeability bunecnych barier

» informace o kompaktnosti bunécné vrstvy a
mezibunécnych tésnych spoju
» pf. tkanova toxicita — Gl, plice, BBB ...

ctrode
“ Electrode
é“'*“ Layer of cells
AC
ER_R_‘R_ — - . . S - - . . .
SH Semipermeable Membrane
Layer of cells
—— e o - —
Semupermeable Membrane
I Electrode
Figure 1. - ~
TEER measurement with chopstick electrodes. The total electrical resistance includes the
ohmic resistance of the cell layer Rypgg. the cell culture medium Ry,. the semipermeable S NI 2 O 1 5
membrane insert Ry and the electrode medium interface Rppy. rl n Iva Sa n )




TEER assay - priklad Shaughnessey, 2022

e
Kvantifikace obrazové informace TJs

15 uM

Untreated Vehicle 5uM

o = s i 4 S y. - A.
= S agrne SR IS Lk
§ { pim; - y, Y -
() <4
| ZO-1 Nuciel |
c 10- . Co-culture, low FSS
. , , 1 - - . Mono-culture, low FSS
primarni g — [ Co-culture, high FSS
Elow #1 TDp Channel Vaskula,rnl, § 8- | Iﬁ I Mono-culture, high FSS
. Membrane endotelie é% N } [I \ l
st Gk ik B -
'M?;I-WIJWWHIW.ULWFJ”WLWW [ 'edvinové I . —
: proximalni E 2 o gt
Flow #2 Bottom Channel T epitelidini S i |
z bUﬁky 0 Untréated Vehlicle 5[IJM 15lpM | 25|pM
Dose

» nefrotoxicita cisplatiny — 96-well format
- 2 formaty mikrofluidity




TEER assay - priklad Shaughnessey, 2022

TEER - Kvantifikace prostupnosti bariéry epitel-endotel

t=72hr

csSPt t=24nr t=48 hr

B Low FSS
¥ High FSS

[
N ©ON M O ®
*
*
*
*

Co-culture
ATEER (Ohms cm?)

Top Channel
Flow#f» P - ranne

Membrane

Untreated Vehicle 5LI.IM 15'pM 25'uM Untreated Vehicle SQM 15'uM 251pM Untreated Vehicle 5[1M ‘15'pM 25'pM

» nefrotoxicita cisplatiny — 96-well format
- 2 formaty mikrofluidity




Stanoveni transkripcni aktivity jadernych
recep_torl‘] (NR)

» Attagene FACTORIAL™ assay
» odhaleni modu agonista, antagonista
[ cis- atrans- mod

' = ATTAGENE Reporter Assays -
I Attagene Cis Assay (Example: PPRE) B
Transcription of Reporter + Hpal site 2
b St =~
e 'S =
~ + Reporter B % =5
] 2
Make cDNA, add adapter —> ! =S =<
. . B — -
o
Labe] Adapter and cut with Hpal . E i ¢
HDMM ) e — W )’f\
! = —_ +
Quantitate Label YR Capillary Electrophoresis

» Multiple repoter transcription unit (MRTU) + chimeric
Gal4-NR protein

» az 48 typu lidskych jadernych receptoru



Testovani transaktivace NRs — CALUX

» DR, AR, PR
» detekce reporteru tj. aktivita luciferazy

Recombinant cell

of. DR-CALUX
Cytoplasm sinsansuans mANA
E....E...-: :\II;H
\ Increased eytochrome 5'4501'#:4 Luciferase activity
‘and other proteins

Sakthivel, 2016



Testovani transaktivace — DR CALUX®

» pr. skrining PCBs a dioxinovych latek v rybach
» muze DR CALUX ,nahradit” standartni GC/MS?
» stabilni linie — H4lIE, HepG2

(N ) :
A
Mol. Nutr. Food Res. 2006, 50, 945957 DO 10.1002/mnfr. 200600061
. o " 70

The use of the DR CALUX¢® bioassay and indicator "

polychlorinated biphenyls for screening of elevated 2 A * .

levels of dioxins and dioxin-like polychlorinated Sy . - .

biphenylsin eel o R
& 30 R =0.91

Ron Hoogenboom', Toine Bovee'!, Win Traag', Ronald Hoogerbrugge?, Bert Baumann?, = 20

Liza Portier', Guido van de Weg' and Jaap de Vries® E
S

"RIKILT, Institute of Food Safety, Wageningen, The Netherlands s 10 *

? RIVM, Bilthoven, The Netherlands 0

' VWA, Zutphen, The Netherlands 0 500 1000 1500 2000

indicator PCBs (ng'g eel)

» GC/MS- limitace- malé mnozstvi vstupniho vzorku, cena,
narocnost analyzy

TEQs- toxic equivalence

- concentration + TEFs
- TEFs — toxicity equivalency factors Hoogen boom, 2006
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Testovani znecistéeni ovzdusi

Ie“ce "0 qu & Cite This: Environ. Sci. Technol. 2018, 52, 2926-2933 pubs.acs.org/est

Development and Application of a Novel Bioassay System for Dioxin
Determination and Aryl Hydrocarbon Receptor Activation Evaluation
in Ambient-Air Samples

Songyan Zhang, A Shuaizhang Li, "% I Zhiguang Zhou, ™! Hualing Fu,"* Li Xu,"* Heidi Qunhui Xie,*"*
and Bin Zhao*"*®

"State Key Laboratory of Environmental Chemistry and Ecotoxicology, Research Center for Eco-Environmental Sciences, Chinese
Academy of Sciences, Beijing 100085, China

> *University of Chinese Academy of Sciences, Beijing 100049, China

“State Environmental Protection Key Laboratory of Dioxin Pollution Control, National Research Center for Environmental Analysis
and Measurement, Beijing 100029, China

Zhang, 2018




Testovani znecisteni ovzdusi

" MDL: 0.1 pM

-g- -

U,

Zhang, 2018

B

P 06
' » OPAHs
= E, 0.4 - (1 [
Comwsnsts o8 Eg W DL-PCBs
EL
Dioxin E8%21
Determinations | &
-bﬂa{“:"j"}“- S T2 3 4 s 6 7 8
g
L e B
\ 5 & .
g 60 1 2 Sl
Total AhR g7
Activation (TAA)| Sg®|
A - = m =110. + 38,
oo )| Fga P
-G ,"'\} ! < % 01 02 03 04
= Relative Toxicity Equivalents of the PAHs
5. (pg TEQ m¥)
s y=581x +0.12 -
¢ * ?=097 e
g ’ . 9o~ b ‘@
» sensitivni metoda pro detekci @ Il
. P ] L
aktivace AhR a stanoveni rizik 08 .. s ’
m. —
pro latky vyskytujici se v ovzdusi o /.\"
(Polycyklické aromatické uhlovodiky - O L1 & _ , _
0.0 0.2 0.4 0.6 0.8

PAHS)

HRGC-HRMS (pg I-TEQ m?)



Analyza vazby ligand-receptor

» NovaScreen NR HTS Ligand-Binding Assay

» cell-free format
“:L. » kompetitivni assay — pr. radioaktivni estradiol vs.
" testovana latka, vazba na ERalpha
$ » AR, ER, PXR, FXR, PPARa, PPARg, TRa
{" ﬂ Wash buffer
¢
-

Filter

!! Wash buffer
—
”‘&C&_{m Unbound ligand




Testovani enzymatickeé aktivity — DIO1

Thyroid

oA |

3 atomy | ve

4 atomy | ve strukture TH production strukture
0% + volny atom |
1
‘0 1 =
)@\j@’]&“ DIO1, DIO2
' Activation

T.‘ T -|- T3
1 0
o @ ! @ 0 DIO1,DI02 . m:@\; o)
A 0 KH;* Activation 2 L)
]
Ta
DIO1 DIO1
DIO3 DIO3
TH
Inactivation

(r73,33-12..) Metabolism )
0; consumption
Body temperature
rain development
Legend:
Inhibition/ DIO1 & D E

Inactivation

Periphery

Activation/
Stimulation

» Inhibice aktivity
chemickymi latkami —
cell-free assay

» Inkubace enzymu s
testovanymi latkami 3h

» Pokud dochazi k inhibici
aktivity klesa narust
volného jodu, ktery se
nasledne stanovuje

» 96-well format, HEK293
DIO1-OE

Kéhrle, 2022



Analyza disrupce syntézy steroidnich hormonu

:L » Ceelox H295R steroidogenesis assays
"
Il » stanoveni vlivu testovane latky na syntézu steroidnich
{: hormond
T » odhaleni endokrinnich disruptort
) » 96-well format

» Detekce 13 steroidnich hormonu pomoci LC-MS/MS




CeeTox H295R steroidogenesis assays

L/

WL BN |

a

MTC Evaluation
Plate Cells 10 puM FSK Chemical Media to
(overnight) (48 hrs) (48 hrs) OpAns
H295R cells pre-treatment: 100 pM cell viabil HPLC-MS/MS
seeded to stimulate chemical 270% quantification
~50% steroidogenesis treatment else: 10x dilution of 13 hormones
confluency

Concentration-Response

Plate Cells 10 uM FSK Chemical (WG ERG)
(overnight) (48 hrs) (48 hrs) - OpAns
H295R cells pre-treatment: 6 CONC. HPLC-MS/MS
seeded to stimulate chemical Cell viability quantification
~50% steroidogenesis treatment of 13 hormones

confluency



Osnova

Konzorcia a databaze

ToxCast
Tox21
ToxRefDB
ToxBank
TOXRIC
ToxNET

S Al

Zajimavy literarni zdroj
TOXICITY FORECASTER (TOXCAST) IN VITRO ASSAYS

Assay Documentation for Non-Guideline In Vitro Test Methods

February 22, 2022




ToxCast

/

b

= » In vitro qHTS vystupy (“high-throughput screening”)
AL predpovidajici toxicitu testovanych latek
o » EPA - ~700 HTS
!
E' » vyuziva vysokokapacitni metody a vypocetni
5 pocCitacove modely pro vytvoreni predpovedi toxické
'; aktivity urcité latky a stanoveni rizika
F. » 1800 chemickych slou€enin — ruzné zdroje

» farmaceuticky, chemicky, kosmeticky prumysl,
environmentalni zdroje, bezpecCnost potravin




ToxCast HTS Assays:
>1100 readouts / effects

/' Assay Provider\ / ) \ (Target Family \
ACEA Biological Response Response Element
Apredica cell proliferation and death Transpjarter /r Assay Design \
Attagene cell differentiation Cytokines viability reporter
BioSeek mitochondrial depolarization Kinases morphology reporter
CellzDirect protein stabilization cieay Receptor conformation reporter
NCGC/Tox21 oxidative phosphorylation CYP450 / ADME enzyme reporter
NHEERL MESC reporter gene activation LolnEsee e membrane potential reporter
NHEERL NeuroTox gene expression (QNPA) Phosphatases binding reporter
NHEERL Zebrafish receptor activity Sroidaes \_ inducible reporter
NovaScicen receptor binding XME metabolism
GPCRs
Odyssey Thera
\ yosey j \__lon Channels _/
Readqu;c Type /" Species ) (" Tissue Source\ /" DasectonTechnolony
5'?5 e Human T Breast - ELELUON ICLITOIVRY
Multiplexed 8 qNPA and ELISA
: : Rat Liver Vascular :
Multiparametric Mouse Skin Kidney Fluorescence & Luminescence
- N Zehrafish ol Testic Alamar Blue Rgductlon
Cell Format Sheep Ciariie G :rrasyscanf Mlcrc.bscqpv
cell lines Rabbit Bladder a Spectrophotometry
- il Radioactivity
P""'Tal"f CIE'HS Cattle y Pancreas  Prostate | e e |
Complex cultures Guinea pi /
& pig Q‘.fla mmatory Bony \_ TR-ERET J

\_Free-living embryos_/ -

_“ R. Judson, EPA, 2012



Tox21

Attene-Ramosi 2013

Thomas, 2018

> In vitro toxikologie 21. stoleti (est. 2008)
» robotizace, 1536-well format

s » ~80 assays
AL
| Assay Clle
o [ Neae e
Assay | | I
Assays obtivnizatios [Tl Validation . . o .
| Lopmeton, 1. identifikovat mechanismus

ﬁ ahimien | Miniaurzaton biologické aktivity
. aHTS testovanych latek

L BIRS 2 uitiatky pro dalsi

extenzivni testovani

Public Data processing
datebase | | (&) Inm el | 3. vyvoj modelu pro predikci in
&aif'&i‘f”"g | vivo odpovédi
£8)) Netionsl Ticoogy Frogram _/ , . . ,
o= | 4. vyvoj strategickych a
Drug Discovery Today Operaénl’Ch p|énl(:|

LY



TOX2T GATEWAY Losin

Mational Center
N I H for Advancing
Translational Sciences

Tox21 Program Applications - Resources ~ Contact Us

Toxicology in the'21 st Cen ry:

| : .
Through a Memorandum of Understanding, research, develop, validate and tra'nslat§'=-innovativegh‘emicﬁl
testing methods that characterize toxicity pathways Research, developValidateand translate 1,nn0va;;!"e

chemical testing methods that characterize toxicity pathways: o -~
j"'ﬁ 4

zakladatelské organizace:

Environmental Protection Agency (EPA), National Toxicology Program (NTP), National
Institute of Environmental Health Sciences,

National Center for Advancing Translational Sciences (NCATS) and Food and Drug
Administration (FDA)

= Tox21 Public Data

£F Tox21 Assay Tracking

&) ToxZ21 Data Browser

& Tox21 Data Download

s Pathway Browser

B Collaborator Download

& Tox21 Manuscripts

A Tox21 Assays

& Tox21 Publications

[ Tox21 Presentations

l#* Tox21 Curve Browser

& SAR Tools

£ Tox21 Data Processing

A~ Assay Annotation Update

l~ Curve Fitting

Q, Structure Search




Robot B-Roll (7:40-9:10)
https://www.youtube.com/watch?v=CjQTVfXQ8N4&t=383s

e




Toxikologie 21. stoleti

Dékuji za pozornost ©



