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Toxikologie

Studium skodlivych ucinki chemickych latek na zivé
organismy:

symptomy, mechanismy a lé€ba otrav, stanoveni ,bezpecné* davky

o Prdmyslova toxikologie DANG ER

o Farmaceuticka toxikologie

o Toxikologie potravin ~"
o Klinické toxikologie , \
o Soudni (forenzni) toxikologie

o Radiacni toxikologie POISON

o Vojenska toxikologie RECETOX. PfF. MUNI

o Ekotoxikologie “
o Toxikologie zivotniho prostredi ()

(environmentalni toxikologie) . .
Bc. / Mgr. / Ph.D. Ekotoxikologie

Research centre
for toxic compounds
in the environment
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Environmentalni toxikologie
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Chronicka onemocnéni
»Rakovina

»Chronicka onemocnéni dychaciho
traktu

»Autoimunitni onemocnéni
»Poruchy plodnosti

»Neurodegenrativni a neurovyvojové



Metody vyzkumu toxikologie
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Pozorovani Experiment
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Pozorovani

Epidemiologicke studie: Case-control studies (pfipad-kontrola)




Metody vyzkumu toxikologie
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Pozorovani
Epidemiologickeé studie: Longitudinal studies (dlouhodobé opakované sledovani)

Evropska longitudinalni studie téhotenstvi a détstvi ELSPAC
(European Longitudinal Study of Pregnancy and Childhood)
- 6 evropskych zemi, v CR sledovano od pog&. 90 let 5 738 déti
narozenych v Brné a 1 851 déti narozenych ve Znojmé od téhot
matky do dospélosti

CELSPAC: TNG - The Next Generation

- Téhotné zeny/matky - déti

- Zivotni styl, kouFeni, vyZiva, socioekomické faktory
- Interni a externi expozice www.elspac.cz
- Zdravotni stav (odbéry krve, tkani — BioBanka)

Research centre
EHBMI: European Human Biomonitoring Initiative for toxic compounds

in the environment
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Pozorovani Experiment
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Experiment ginky na élovéka — experimenty na lidech?

Relevantni, DnesEticky

c?llovy neprijatelne
Organismus 1 %




Toxikologicke experimenty na
lidech

-4
o Historicky — objevovani jedu — lov, travistvi
= Starovéka Indie, Rim — ochutnavadi => testovani toxicity
m Kleopatra — sluzebnictvo: rulik, blin, nebo kul€iba (strychnin)
o Vézni, chudina, nemocni, postizeni, minority
o 2. svét. valka: Némecko, Japonsko (Unit 731)

o USA

= Vanderbilt Experiment (1944-1974) — téhotné a radioaktivni zelezo

vwvew

(1944-1962)
m Operation Whitecoat (1954-1973) — uCinky chemickych a biol. zbrani
m CIA projekt MK-ULTRA (1947-1973) — vliv LSD na psychiku
m Holmesburg prison, PA (60. |éta) — testovani €k, dioxinu

o SSSR, Severni Korea



Toxikologicke experimenty na
lidech

Norimbersky protokol 1947

o Pouze pokusy nedosazitelné jinymi metodami

o Nezpusobovat zbyte€né utrpeni a zranéni

o Nezpusobovat smrt nebo dlouhodobém zranéni éi nemoc

o Pokus by mél byt ukonCen pokud hrozi zranéni, zmrzaceni
Ci smrt

WHO - Helsinska deklarace 1964, USA — Belmontsky
report 1978

XXX

Toxikologie — zkouma skodlivé uc€inky, schopnost latek
noskozovat zdravi oraanismu



Experimentalni toxikologie
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Experimentalni metody (prediktivni)

o Experimenty s zivymi organismy — in vivo

= Clovéku blizké druhy — savci (hlodavci, prasata, primati)
o Experimenty s ¢astmi zZivych organismu

- ex vivo & in vitro & in chemico

= |zolované organy

= Tkanove kultury

= Bunécné organely a extrakty

= Purifikované biomakromolekuly

o Pocitacoveé simulace a modelovani — in silico



Experimentalni toxikologie
_

Experimentalni metody (prediktivni)
o Experimenty s zivymi organismy — in vivo

= Clovéku blizké druhy — savci (hlodavci, pre

Etické davody
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Toxikologie ale odpovida az za 70% téch nejbolestivéjSich experimentu
(davky jedl zpUsobujici smrt atd.)

Liebsch et al. 2011 Arch Toxicol; 2"9-6" Report from the Commission to the Council and the European Parliament on the Statistics on the number of
animals used for experimental and other scientific purposes



In vivo experimenty a etika
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o Eticky kontroverzni - tlak odborné i laické verejnosti -2

o 1959: Russel & Burch: “3Rs principle” =
0 Replacement
nahrazeni in vivo experimentu alternativnimi metodami
o Reduction
snizeni poCtu zvifat pro zjisténi pozadovanych informaci
0 Refinement
snizeni utrpeni - alternativni parametry vyhodnoceni

o Pricnip 3R silné akcentovan v EU

podpora vyzkumu, validace a implementace
alternativnich metod



In vivo experimenty a etika
-4

o Direktiva ,On the protection of animals 3
used for scientific purposes” 86/609/EEC a
2010/63/EU -~

0 ,,Cosmetic Directive” 76/768/EEC a
1223/2009

o Registration, Evaluation, Authorisation and
Restriction of Chemicals (Regulation EC
No. 1907/2006) - REACH

0 Biocides Regulation 528/2012

o ECVAM - European Union Reference
Laboratory for alternatives to animal E“Ri

testing (EURL-ECVAM) ECVAM

European Union Reference Laboratory
for Alternatives to Animal Testing



In vivo experimenty a
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Cca 20-40% léku testovanych na hlodavcich vykazuje nezadouci toxické ucinky v klinicky
* Clinical toxicity: rats and mice together 43% prediction only
Olson et al., 2000, RTP 32, 56-67

- Lethal dose of endotoxin in humans to produce shock is a million-fold less than in mice -
McGonigle & Ruggeri, 2014, Bioch Pharm 87, 162-171

- No correlation between murine and human genetic responses to inflammation -

| eist & Hartung, 2013, Arch Tox 87, 563-567

Cca 50% léku testovanych na hlodavcich nevykazuje pozadované ucinky v klinickych
* Drug efficacy: animal studies only 37 to 55% reproducible in humans

- Owver 500 neuroprotective treatments for cerebral ischemia that worked in animals
failed in man - van der Workp, 2010, Plos Med 7

- Inadequacies of animal studies in the area of mood disorders (depression, anxiety),
contributed to the withdrawal of research in this area - McGonigle & Huggeri, 2014,
Bioch Pharm 87, 162-171

Pouze 5% léCiv vstupujicich do klinickych studii se dostane na trh
Naklady na vyvoj jednoho léku €ini v pruméru 4 miliardy dolaru
Hartung, 2013, Altex 30




Experimentalni toxikologie — 21.

stoleti
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Experimentalni metody (prediktivni)
O
|
o Experimenty s ¢astmi Zivych organismu

- ex vivo & in vitro & in chemicoP°VZ!t medernich technologi
* Bunécéna biologie

= |zolovane organy * Tkanové kultivace

= Tkariové kultury * Mol.ekulaf\rni biologie
— * Omikové metody

= Bunécné organely a extrakty * Bioinformatika

= Purifikované biomakromolekuly * Modelovani

o v ] * Miniaturizace
o Pocitacove simulace a modelovani — in-§iljiQi, - ce



Experimentalni toxikologie — 21.
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U.S. EPA + National Institute of Health et al.

0 Tox21 -

o 10 000 latek testovano v 50+ rtznych in vitro
testech

o ToxCast -
o cca 2000 latek
o 700+ testu, 300 signalnich dra



https://www.youtube.com/watch?v=T4K-YrqtwZA
http://www.epa.gov/ncct/Tox21/
http://www.epa.gov/ncct/toxcast/

Experimentalni toxikologie

Experimentalni metody (prediktivni)

o Experimenty s ¢astmi Zivych organismu
. . . . . + pouziti modernich technolo
- ex vivo & in vitro & in chemico * Bunééna biologie
= [zolované organy * Tkanové kultivace
* Molekularni biologie
* Omikové metody
= Bunecné organely a extrakty * Bioinformatika
* Modelovani
* Miniaturizace
o Pocitacove simulace a modelovani — in* sitiegizace

= Tkanove kultury

= Purifikované biomakromolekuly

ol
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Bunéecna in vitro toxikoloc©)

Primarni bunky

- zvifeci: mezidruhova variabilita, Hayflick /

senescence, etické problemy NRATA T
- lidské: limitovana dostupnost, heterogenita / nizka HENRIETTA
reprodukovatelnost 5 5

Permanentni bunécné linie

REBECCA SKLOOT

- lidské: 1951 — HelLa (cervikalni karcinom)
- dnes dostupné desitky linii z rGznych organu

- vétSinou nadorového plivodu — genetické a
epigenetické zmeny, abnormalni vlastnosti —
abnormalni odezva?

?Relevance pro normalni tkané a organy?

Alternativy?
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Dospélé (tkanové-specifické) kmenové bunky
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o Normalni nenadorové bunky organismu

o Symetrické (sebeobnova) a asymetrické
déleni (diferenciace)

o Vysoky proliferaCni potencial a potence

o Vyvoj protokoll pro jejich in vitro
diferenciaci do pozadovanych typu bunék

lzolace
(1998 - ¢loveék)

agau

Embryondlni

enewal

/

mesencihymal 5Cs

kmenové buriky (ESC)

> ==

e DD
Izolace *’

(1997 - ¢lovék) Dospélé (tkdriové-

e,

> e specifické)kmenové
bunky
Izolace & g ag
Reprogramovani
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pluripotentni buriky (iPSC)
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Bunecna in vitro toxikolod©) =i

Blastocysta Jaterni biopsie Fibroblasty darce / pacienta
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Indukované pluripotentni buriky
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Disease Modelling High Throughput Liver  Hepatocyte Library Creation
Toxicity Screening

Upraveno dle
Greenhough
2010, Toxicology
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Lidské dospélé jaterni kmenové bunky

HL1-1 & HL1-hT1
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B-Actin

VIM

THY1

CD105

CD73

HL1-hT1  HL1-hT1 HL1 1
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Bunéecna in vitro toxikoloc©)

Sled Ova’n I’ bu néénYCh HBE1 (p27) cylindrospermopsin cytotoxicity
odpovédi v realném Case

Real Time
Impedimetric Analysis

Cell index (Cl)
n
S w oo oo 3
ccc o

T

g e e 8
e 6 o o o

@ 6 0 @
@ S T T O
=X ® ® 0 @
s g T e

T T T T




Research centre
for toxic compounds
in the environment

Bunéecna in vitro toxikoloc©)

Hepatocytarni DO D5 D10 D15 D20
diferenciace 150X 17; Foxad Foxaz. rinFadl NFaw Arp T Aas 1
hESCs definitive endodermnePatic progenitorsimmature hepatocytes hepatocytes
(Spolupréce S hepatic endoderm

Lékarskou

fakultou)

DAPI/ALB/OATP

DAPI/FOXA2/HNF4a
DAPI/AFP/HNF4a

FOXA2/HNF4a
AFP/HNF4a
ALB/OATP
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Efekty na kmenové bunky

Efekty diferenciaci

Efekty na diferencované bunky:
Hepatocyty
Neurony
Kardiomyocyty



Prenatal development

@08 &

Fertlizedegg  2-cellstage  4-cell stage B-cell stage 16-cell stage

Embryo Felus
at8 at 12
Weeks Weeks

Postnatal development

Healthy or Sick ?
Diabetes
»Cardiovascular diseases
»Obesity

»Cancer

Hmmune system disorders
(Asthma, Allergies, IBDs)
»Pervasive Developmental

Disorders

*Neurodegenerative disorders
*Male Infertility

(Bianconi et al., 2013, Annals of Human Biology 40)



Kmenove bunky a tkanova
homeostaza v chronickych (@)
onemocnenich a toxicite?

Research centre
for toxic compounds
in the environment

Homeostatic balance
Postnatalni vyvoj a dospélost:

* Dospélé (somatické, tkariové specifické)

kmenové buriky - tvorba tkani, jejich vyvoj, funkce,

regenerace
Cell death

Stem cell division

Tkanova homeostaza:

* Udrzovani ustaleného stavu uvnitr tkané

zahrnujici kontrolu bunécné proliferace,

diferenciace, smrti a kontrolu metabolickych funkci

amplification

» Dynamicka kontrola aktivity dospélych _ _
In humans ... it has been estimated that each of us
(somatickych) kménovych bunék

eradicate and, in parallel, generate a mass of cells
equal to almost our entire body weight each year.

Pelletieri et al.,2007, Annual Review of Genetics



Kmenove bunky a tkanova
homeostaza v chronickych (@)
onemocnenich a toxicite?
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Cell Stem Cell ) -
Biogemntology (2013) 14:573-590
DOT 10,1007/ 10522-013-9469-9
REVIEW ARTICLE
Aging-Induced Stem Cell Mutations Tissue resident stem cells: till death do us part

Drivers for Disease and Cancer
Hadas Raveh-Amil - S5ara Berzsenyi -
o ) Y Virag Vas - Danna Ye - Andras Dinnyes

eter L. ms, " einnc asper, an . nnar u p=
Peter D. Ada 14H h Ji %4 and K. Lenhard Rudolph?
WUniversity of Glasgow and Beatson Institute for Cancer Research, Glasgow G61 1BD, UK
?Buck Institute for Research on Aging, B0D1 Redwood Boulevard, Novato, CA 94945-1400, USA
3Leibniz Institute for Age Research - Fritz Lipmann Institute e.V. (FLI), Beutenbergstr. 11, 07745 Jena, Germany
4Co-senior author
*Commespondence: KLRudolph@FLI-Leibniz.de
hitp://dx. doi.org/10.1016/).stem 201 5.05.002

STEM CELLS AND DEVELOPMENT COMPREHENSIVE REVIEW

Volume 00, Number 00, 2015
© Mary Ann Liebert, Inc.
DOI: 10.1089/scd.2015.0081

CANCER ETIOLOGY

Role of Environmental Chemicals,
Processed Food Derivatives, and Nutrients Variation in cancer risk among

in the Induction of Carcinogenesis tissues can be explained by the
number of stem cell divisions

. . ; SRR L1y - = By
Luca Persano,* Dimitra Zagoura,® Jochem Louisse," and Francesca Pisiollato® Cristian Tomasetti ™ and Bert Vogelstein



http://www.eurostemcell.org/stem-cell-factsheets
http://www.eurostemcell.org/stem-cell-factsheets
http://www.eurostemcell.org/stem-cell-factsheets
http://www.eurostemcell.org/stem-cell-factsheets
http://www.eurostemcell.org/stem-cell-factsheets
http://www.eurostemcell.org/stem-cell-factsheets
http://www.eurostemcell.org/stem-cell-factsheets

lvViezibuneCcna Komunikace
mezerovymi spoji — klicovy
mechanismus homeostatické (6)

| 2l N I A\ W /
S Growth factors

Tumor promoters
Toxicants

Research centre
for toxic compounds
in the environment

o Gap junction — mezerové spoje

o Propojeni bunék ve tkanich a
ivg v s ’ v i o Intercellular Intracellular
zajisténi vymény metabolitu a signaling signaling
signalnich molekul:

GJIC - gap junctional
intercelllular communication

0 Koordinované chovani bunék a

rovnovaha proliferace / 1\
diferenciace / apoptozy LD
Gap junction

chovani buné&k —> onemocnéni Tisue
homeostasis
Proliferation "")
Differentiation
Apoptosis




kontrola

kontrola

IviezibuneCha Komunikace

mezerovymi spoji — klicovy
mechanismus homeostatické (@)

1-methylanthracene

Ras-onkogen

Research centre
for toxic compounds
in the environment

Resveratrol+
1-methylanthracene

Ras-onkogen + Metformin
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3D in vitro kultivace (@)

Animal models ° Vysoce komplexni

* Limitovana dostupnost (3R, efektivita, cena)
“ * Rozdilnost od lidského organismu

* Lépe napodobuji in vivo mikroprostredi

3D cell cultures  ° Gradienty O2/CO2, Zivin, proliferace
» 3D morfologie / polarizace bunék
* Interakce bunka-bunka / burika-ECM

* Lépe napodobuji funkce normalnich tkani a organu

=> Lepsi fyziologicka / in vivo relevance

* VVlysoka proliferacni rychlost, uniformita
2D cell cultures ° Nefyziologicka 3D cytoarchitektura
* Minimum interakci burika-burika / burika-
ECM

* Nadorové bunécné linie

* Nedostatecné rekapituluji funkce



3D in vitro kultivace

a) 3D culturesin ¢ - Cultures on microcarriers and on microstructured materials
ECM hydrogel 1

d

f= Epidermal Cells

cells —_

Q - N

ﬁbrolasts

fibre mesh

1

AEN

‘, - 1p\'ff — growth

medium

(Pampaloni et al., 2007, Nature Reviews 8)



3D in vitro kultivace &
kmenove bunky

In vitro kultury lidskych organoidii

Blastocyst
Studies of tissue pathophysiology | | Functional assays |

Biopsy ‘ Digestion ‘ ‘ 3D culture |

sample

=G

@ @
A Expansion and
biobanking

/ Drug -¢- c¢-
screening ¢
Cell therapy and
bioengineering

Gastric Intestinal Liver bud Opticcup  Stratified cortical
organoid organoid organoids organoid organoid
‘ Targeted gene repair |
)yulq% Cell therapy ¢ - Ovm
ga Sﬁ ¢ Crispr/Casg

Thyroid Lung Pituitary Inner ear
organoids organoids organoids organoid




3D in vitro kultivace

a) 3D culturesin 2 Cultures on microcarriers and\Qn microstructured materials

ECM hydrogel

keratinocytes

d

f= Epidermal Cells

f=Collagen Matrix
with Fibroblasts

Medium

fibre mesh

1

;nh! \Y.

., ) : . . growth

medium

(Pampaloni et al., 2007, Nature Reviews 8)
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3D in vitro kultivace ()

Lidské dospélé jaterni
kmenové bunky HL1-
hT1

NF

a Inomatrix Scaffolds

NF/MF

—
20 ym




3D in vitro kultivace

a) 3D culturesin ¢ - Cultures on microcarriers and on microstructured materials
ECM hydrogel 1

d

f= Epidermal Cells

f=Collagen Matrix
with Fibroblasts

ﬁbrolass

Medium

fibre mesh

1

s

., ) : . . growth

medium

(Pampaloni et al., 2007, Nature Reviews 8)
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Dospélé lidské jaterni kmenové buriky HL1hT1

24hrs

HepG2 lidsky hepatocelularni karcinom

96hrs 360h.|:s

24hr_s _ 96hrs 168hrs 360hrs

(2000 cells/spheroid)



3D in vitro kultivace (@) e s
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3D in vitro kultivace ()

Alamar Blue CFDA-AM Brightfield
Viabilita
* Genova exprese — PCR / gPCR
 Aktivita proteinti — Western blotting, ICC

* Metabolismus — LC-MS
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3D in vitro kultivace

2D culture (NRU, 96 h)
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3D spheroids (Alamar Blue, 96 h)
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3D in vitro kultivace

a) 3D culturesin ¢ - Cultures on microcarriers and on microstructured materials
ECM hydrogel 1

d

f= Epidermal Cells

cells —_

Q - N

ﬁbrolasts

fibre mesh

1

AEN

‘, - 1p\'ff — growth
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(Pampaloni et al., 2007, Nature Reviews 8)
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3D in vitro kultivace (@)
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3D in vitro kultivace (@)

a) 3D culturesin ¢ - Cultures on microcarriers and on microstructured materials
ECM hydrogel 1 2

keratinocytes

microcarrier

d

f= Epidermal Cells

R~ / adherent
cells —___

f=Collagen Matrix
with Fibroblasts
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fibre mesh

s

(Pampaloni et al., 2007, Nature Reviews 8)
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3D in vitro modely (6)

Elektricky dermatom na pfipravu koznich $téplZarizeni na méreni prostupu latek pres ki

Stratum Corneum HEEI“d i
Epidermis ——
Dermis  — Franz cell diffusion system
i ! 1 Sampling
Skin ey oy port
2

32¢c
circulating

» ,.\ water

Replacing
port

Magnetic stirrer




High-throughput / High
content analysis ©)

Research centre
for toxic compounds
in the environment



https://www.youtube.com/watch?v=_VyQsPbU8fE
https://www.youtube.com/watch?v=6VEIFOCYjkM

Homeostasis relevant

Stem cell-based endpoints in HTS / HCA

models
Physiologically relevant Toxicity testing & drug
in vitro models screening —
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http://recetox.muni.cz/
http://secantox.weebly.com/

