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Sodelovanje NIB v DS5

DS 5.1 - Investigating and closing data gaps identified by key stakeholders. Activities will be
conducted in collaboration with tasks 5.2 and 5.3 as to make best use of biological matrices

generated in the context of in vivo studies.
DS 5.1.1 Testiranje mutagenosti mikotoksinov — AMES test
DS 5.1.2 Testiranje analogov BPA na embrijih rib cebric (Danio rerio) - FET test (OECD TG

236)
testing strategies that logically combine novel methods with well-established approaches,
preferably in a tiered manner. By combining efforts from the tasks of the WP, the availability and

DS 5.2 - Improving the current hazard characterisation paradigm by establishing comprehensive
applicability of new approach methodologies (NAMs) in RA will be promoted.

DS 5.2.1 Testiranje ne-genotoksicnih karcinogenov
DS 5.2.2 Novi pristopi za testiranje analogov BPA — celi¢na linija ZFL - 3D modeli

[
NACIONALNI INSTITUT ZA BIOLOGIJO

NATIONAL INSTITUTE OF BIOLOGY

—




DS 5.1.1 - Testiranje mutagenosti mikotoksinov — AMES test

(OECD 471)

Dr. Matjaz Novak

. . possible
AM ES test (OECD 471) - testlran]e mutagen a high number of
. . revertants (his- to his+)
mikotoksinov: l suggests the mutagen
rat liver causes mutations
Tenuzonic acid; TeA ““‘T“ plate incubate
P - = - _-_15:‘
Tentoxin - TENT =
media with
Altenue — ALT minimal histidine
plate incubate
Altertoxin | — ATXI Salmonella strain S o

(requires histidine)

Alternariol — AOH

Alternariol monomethyl ether — AME

Objava preglednega clanka: Hazard characterization of Alternaria toxins to identify
data gaps and improve risk assessment for human health; Archives of Toxicology,
clanek sprejet v objavo

V pripravi pregledni clanek, kjer opisujemo riske in tveganja zaradi izpostavitve

I Enniantis toksinom.

control plate
(natural revertants)

Archives of Toxcology
https://dol.org/10.1007/500204-023-03636-8
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DS 5.1.2 — Testiranje analogov BPA na zarodkih rib cebric
- FET

Zebrafish (Danio rerio)

exposure of Zebrafish embryos to BPs

toxicogenomics

genes involved in response to:

e genotoxic stress
e endocrine disruption

Assist. Prof. Irma Zeljkovié-Vitas

Tina Elersek
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DS 5.1.2 — DOSEDANIJE DELO

Testiranje BPx poteka po protokolih, dogovorjenih znotraj PARC konzorcija -
Task 5.1.b (Fish embryo toxicity test na Danio rerio - FET OECD TG 236). Do
sedaj smo na zarodkih rib cebric testirali 4 razliécne snovi. Vedno v testiranje
vklju¢imo vsaj 5 razlicnih koncentracij BPx, negativho kontrolo, pozitivno

kontrolo (DCA 4mg/L) in kontrolo topila (DMSO, Ce je potrebno). Test traja 96h.

- T

(1) BPA kot referen¢na kemikalija za potrditev

novega sistema”NBS zebrafish facility”

=>» nas sistem je ustrezen in primerijljiv

=>» testiranje izbranih BPx: BPAP, BPAF, BPPH
in njihovih mesanic (izbor glede na ze
zaznano pojavljanje v okolju in
pomembnosti za regulativo)
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DS 5.1.2 — DOSEDANIJE DELO

(2) BPAP (3) BPAF (4) BPPH
v’ izvedli 4 ponovitve testiranja v’ izvedli 4 ponovitve testiranja v' izvedli 1 ponovitev testiranja
v’ izratunali EC50 (96h) za letalne ucinke: 1,6 v’ izracunali EC50 (96h) za letalne uéinke: 2,2 (ni dovolj za izris grafa nelinearne regresije)
' mg/L
mg/L e/ v’ izraunali EC50 (96h) za letalne uginke: 2,5 mg/L
: . _ 4 ¢je EC50 (96h) iz literature= 1,7 mg/L

v’ v literaturi: EC50 (96h)= 1,16 mg/L (Gao et al., povprecje /Mg - T TR

2022) (96h) g/L (Gao et al., 2022, Gu et al. 2020, Xiyan et al., ¥ ni drugih objavljenih podatkov

y 2018, Welong et al., 2022) v’ top2 subletalna uéinka sta bila: zakrnelost v

v" top3 subletalni uéinki so bili: odsotnost krvnega % R .

obtoka, prisotnost edemov, odsotnost top3 subletalni ucinki so bili: odsotnost razvoju in odsotnost krvnega obtoka

krvnega obtoka, prisotnost edemoy,

spontanih premikov :
zakrnelost v razvoju

BPAP - lethal effects BPAF - lethal effects

1004

.-

80 1

60 -

% inhibition
% inhibition

-®- BPAF 48h
-+ BPAF 96h

) -@- BPAP 48h
’
e —— BPAP 96h 20 -

I 1
0 1 10 0 1 10

- conc. (mg/L) conc. (mg/L)
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DS 5.1.2 — PLAN 2024

Meritve zacetnih in konénih koncentracij v poskusu (sodelovanje z 1JS, dr. Ester Heath)

Dodatne in manjkajoCe ponovitve FET za izbrane koncentracije s preveliko variabilnostjo (racunalniska dolocitev outlierjev)

e Poskusi z binarnimi in terciarnimi mesanicami izbranih BPx

Dodatni “kon¢ni ucinki” za nevrotoksi¢ne ucinke z analizo gibanja zarodkov po 96h (Danio Vision)

Transkriptomske analize —izrazanje izbranih tarcnih genov po izpostavitvi BPx

V pripravi je pregledni ¢lanek: Exploring BPA Alternatives — Environmental Levels and Toxicity Review (DS 5.1.2 in DS 5.2.2)
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DS 5.2.1 Testiranje negenotoksicnih karcinogenov

0

|ZBIRA TESTNIH KEMIKALL: NH
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OH @
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DS 5.2.1 Testiranje negenotoksicnih karcinogenov

MODEL - -
in vitro HepG2 cell Seeding cells at initial density Spheroid formation via 3D cell model derived
culture of 3.000 cells per/spheroid forced floating method from HepG2 cells
(900 G, 100 minutes, 28 °C) (spheroid)
=N\ ,,lNH’H H - * . . -
SN, Treating 3D models (spheroids) with non-genotoxic
o @ L , , _carcinogens for 24h and 96h
Hy wo' O - Tunicamycin OH OH
§ =° B
Ampicillin oo, Ny . HO™ ™Y OH
trihydrate NN A O o
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r cl X
e Griseofulvin CyclosporineA
Cytotoxicity assay (MTS) Flow cytometry Transcriptomics
®— ) ‘ Simultanious measurements gPCR on dynamic array IFC
tu:;—--
®. KI67, Cell Cycle, yH2AX, p-H3
METODE ' . T : e
® :
-] -d S
) . [ ] y 1‘ g : | - 'N(;"';p“""“’“on
® J R |
@ 1 \ Copies per reaction {Ct)
® I\ genes involved in DNA damage,

S e oxidative stress, epigenetic markers
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mm MTS Assay '/ um

Cytotoxicity evaluation

Citotoksicnost - MTS

Treatment of 3 days old
spheroids with selected @ MTS reagent addition . Incubation for 3 hours
chemicals for 24 and 96hours

A

T\

Doloc¢anje toksi¢nih ucinkov

Izbira ne-citotoksicnih
koncentracij za nadaljnje teste

. Colorimetric reaction to determine sphe viability . Absorbance reading
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Oznacevanje specificnih markerjev — pretocna citometija

Treated spheroids with Pool of 20 spheroids Fixation of samples
selected compounds per sample with 4% PFA
A Dissociation of
o s Collect treated spheroids into
, pantahbied pilathiing
, " $" .. spheroids into single cell
Ny | falcons suspension
I‘\\,. s -E"' " N

Analiza vpliva na celi¢ni cikel in
proliferacijo (Ki67)

Marking and staining fixed samples with nuclei stain and antibodies

Cell cycle - Hoechst staining
—l KI67 - proliferation -
. " . Gamma-H2AX - DNA double strand breaks
Analiza nastanka dvo-verizni prelomov Histone-H3 - mitotic cells
DNK (yH ZAX) - ki aStoge nost Multicolour staining of one sample

Analiza Stevila mitoti¢nih celic (p-H3) - \/ @ O @ @ \/

aneugenost | I
. 1000 I _
Flow cytometry 1000
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) Analysis in FlowJO &
° _— £ s00] B 3 = 600
® E; 00| et -'~.~:l;_ — S 400
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. 5 200 200

&

I Measuring samples N S B R R v
. 0 200 400 600 800D 1000 1] 10% 104 10° 100
w“h ﬂow cytometer Forward light scatter (FSC) CD3-PE



Spremembe v izrazanju specificnih/tarcnih genov - toksikogenomika

Izbrani geni:

- geni vpleteni v regulacijo epigenetskih
modifikacij

DNMT1, DNMT3A, HDAC1, KDM3A, HDAC7,
SETD2, EZH?2

- geni vpleteni v odziv na oksidativni stres
0OGG1, GCLC

- geni vpleteni v odziv na poSkodbe DNK
TP53, MDM2, GADD45a, CDKN1A, CHK2,
MYC, JUNB

- geni vpleteni v regulacijo proliferacije in
apopotoze Ki67, TOP2A, BB(C3

-geni vpleteni v metabolizem ksenobiotikov
AHR, PXR (NR1I2),CAR (NR1I3)

Treated spheroids with
selected compounds

Collect treated
0 —_—
‘ot spheroids into
eppendorf

A pool of 20 collected
spheroids

AN

i

i

i

After washing the lysis buffers is added to
disrupt the cell membrane (mRNA isolation)

Washing with
— _
1XPBS

iF

[

l mRNA isolation with Qiagen RNeasy Mini kit ’

Checking the RNA quality and degradation of isolated mRNA

IFC 48x48 dynamic array

vvvvvv

i




DS 5.2.1 — PLAN 2024

Testiranje naslednjega sklopa kemikalij:

NR (activation-ER, Ahr)
3-methylcholanthrene (MCA),
Diuron

Proliferation- mitogenic signal

12-O-Tetradecanoylphorbol-13-
acetate (TPA),

Nicotine

Oxidative stress
KBrO,,
Diethyl maleate

—
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(®) Check for updates

OPEN ACCESS

Volodymyr Tryndyak
National Center for Toxicological
Research (FDA), United States

Romualdo Benigni.

National Institute of Heaith (ISS), Italy
Jui-Hua Hsieh,

National Institute of f Environmen tal
Health Sciences (NIH), United States

Marc Audebert,
marc.audebert@inrae fr
Michael Oelgeschlager,
michael oelgeschlaeger@bfr bund.de

'These authors have contributed equally
to this work and share last authorship

11 May 2023
19 June 2023
10 July 2023

Audebert M, Assmann A-S, Azqueta A,
Bakice B Bambamati £ Boacati ©

Revies

w
? frontiers | Frontiers in Toxicology £ 338190/ JMVZZOZZ; A
ftox 1

New approach methodologies to
facilitate and improve the hazard
assessment of non-genotoxic
carcinogens—a PARC project

Marc Audebert'*!, Ann-Sophie Assmann?, Amaya Azqueta®,
Pavel Babica“, Emilio Benfenati®, Sylvie Bortoli®, Peter Bouwman’,
Albert Braeuning?, Tanja Burgdorf?, Xavier Coumoul®,

Kloé Debizet®, Maria Dusinska®, Norman Ertych?, Jérg Fahrer®,
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Harm J. Heusinkveld, Kevin Hogeveen'°, Miriam N. Jacobs??,
Mirjam Luijten™, Giuseppa Raitano®, Cynthia Recoules®,

Elise Rundén-Pran®, Mariam Saleh'?, Iva Sovadinova“,

Martina Stampar®®, Lea Thibol®, Céline Tomkiewicz®,

Ariane Vettorazzi®, Bob Van de Water’, Naouale El Yamani®,
Bojana Zegura®™ and Michael Oelgeschlager®*!



DS 5.2.2 Novi pristopi za testiranje analogov BPA

Vzpostavitev in vitro 3D celicnega modela na celicni liniji jetrnih ZFL celic (Danio rerio) rib cebric

v 3D in prilagoditev (geno)toksikoloskih testov

ZFL cells @

Testirani BP: . A
- BPA (standard) l /
- BPAP

- BPAF

- BPPH 's)cle;celi:g cells in U-bottom

l

forming spheroids via force floating method

= =]

Y N\

\ I/ \ 3
\&i_::i . 7_:;_// \\\‘:7

centrifugation\‘

Dr. Katja

) . Assist. Prof. Alja
za namene testiranja analogov BPA Stern Kologa
. exposure of ZFL spheroids to BPs

~OHO- FE@I

S0, Y
in vitro 3D cult heroid "‘;“C m o ng‘fg
in vitro 3D culture -spheroids S O,

T <L,
> | v |

multi-labeling biomarkers -

cytotoxicity - ATP
flow cytometry

measurement

DNA damage
comet assay

- Toksikogenomika na zarodkih rib cebric (komplementarno z DS 5.1.2)

—

toxicogenomics

Fluorescence
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Citotoksicnost — merjenje ATP — CellTiter-Glo

Treatment of 4 days old

spheroids with selected @ CellTiter-Glo reagent addition . Incubation for 10 min
chemicals for 24 and 96 hours

\\)

> =
F v

Nolelelelslele D
<

- Dolocanje toksicnih ucinkov

- Izbira ne-citotoksi¢nih 1858856808508
koncentracij za nadaljnje teste :00000C000000

. Reaction to determine ATP content - cell viability

ATP
ATP ATP

ATP
ATP

\ Lyse cell

HO s N_ _COOH \ Firefly
74 luciferase
/ + ATP+O, >
N S Mg?
Luciferin

—



Merjenje poskodb DNK — test komet

Merjenje nastanka DNK
poskodb:

e enoverizni prelomi

- T

exposure of ZFL spheroids to BPs

{ Y-8 H-on
=/ & \=/

FsC_CFs g

Y0
Ho L‘~7\t:»w
HiC_ CHs N~
N\ CHs HiG, CHy (1)
2 ) AN
7 oH \ [
HO OH o~  SAon

e dvoverizni prelomi

v N of single cell suspension
e precne povezave med DNK pre-coating of
. .. slides with iy ¥
In proteini agarose N g

e precne povezave med DNK
* Prehodni prelomi, ki

collecting spheroids and preparation

cell lysis and neutralisation of the gels

embedding cells in agarose

nastanejo med '
popravljanjem DNK

poskodb > 5\

e Oksidativne poSkodbe DNK =

gell electrophoresis

—

staining of nuclei - GellRed stain

- O

g

analysis of DNA damage
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Oznacevanje specificnih markerjev — pretocCna citometija

Pool of 10 spheroids

Treated spheroids with BPs Fixation of samples

per sample with 4% PFA
m@%@m Dissociation of
. . . R . Ho OH .. Collect treated spheroids into
Optimizacija pogojev za ribje celice. S —— .
BOASW o )+ spheroids into single cell
Q falcons suspension

HyC_ CHy

HyCo_ CHy
P HsC CHy

N e
I HO' 'OH

Analiza vpliva na celi¢ni cikel in
proliferacijo (PCNA)

Marking and staining fixed samples with nuclei stain and antibodies

Cell cycle - Hoechst staining

PCNA - proliferation
. ev . Gamma-H2AX - DNA double strand breaks

Analiza nastanka dvo-verizni prelomov Histone-H3 - mitotic cells
DNK (yH ZAX) - kla stogenost Multicolour staining of one sample
Analiza $tevila mitoti¢nih celic (p-H3) - ect O AP (P |
aneugen ost |

® 1000 !=Iow cytometry 1000

L4 800 800

® Analysis in FlowJO 3 g

L . J —_—— % 600-| 4 £ 00}
°® Eg 100 "":,3::::- e © o0
[ ] § 200 i 200
Measuring samples ’ ’ Zéﬂ 400 E(IID 800 10‘00 ‘ ! ‘-‘ * ‘ Ii 3

. WIth ﬂow Cytometer Forward light scatter (FSC) CD3-PE
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Spheroids exposed to BPs A pool of spheroids or whole embryos addition of lysis buffers to disrupt the cell
B on membrane (mMRNA isolation)

SR @% \&&ﬂ&w | XK

zebraﬁsh embryos exposed to BPs

&= 199y — UUW

w0 |
|
mRNA isolation with Qiagen RNeasy Mini kit

DS 5.2.3 — PLAN 2024

Toksikogenomska analiza
& Checking the RNA quality and degradation of isolated mRNA

ZFL sferoidov izpostavljenih BPs

Zarodkov rib cebric izpostavljenim BPs

Reverse transcription and Q-PCR analysis

L L=

Positive

—

Fluorescence

Threshold

Negative

_ IFC 48x48 dynamic array —m 3
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Naj vam prihajajoce leto odstira nova obzorja.
Srecno 2024!

HVALA ZA
POZORNOST!

BIOTEHNOLOSKO
STICISCE

NACIONALNEGA INSTITUTA
ZA BIOLOGHO
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