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Background and aim(s)

Background:

» The use of nanomaterials has been rapidly increasing during the last decade in many
areas of human life. This phenomenon is accompanied by increased risk of exposure to

nanoparticles.

» Despite many toxicological 1in vitro studies, the number of human in vivo studies is

still limited.

The general aim(s):

» to study the impact of chronic (and acute) exposure to nanoparticles in a human

population on the structural and
mechanisms of adaptation after long-term exposure.

DNA changes, including possible

.

Investigation of structural changes
by cytogenetic methods
(micronuclei and FISH)




Cohorts

Sampling:

= September 2015 (pilot)-2016-2017-2018-2019-2020)
= 20 exposed with chronic exposure histo

= Males (75%) + Females (25%)

(pre-shift and post-shift)

+20 controls

= Twice per d

Workshop 1
= MAG welding and smelting
* Processing of Mild steel S3553J2

= 2 workshops =

samples for cytogenetic and epigenetic meéﬁbQ;

““

(Group = [EET CON EXP CON EXP CON
(Number(N) [N 21 20 20 20 20
15/5  15/6  13/7  13/7  14/6 15/5
42+¢11 3949  39+11  40+7  39+11  45%12
18+10 0 1249 0 14+9 0

Exposure in sampling day: 30-270 min (50% increase than in a common day).

Workshop 2

Machining (grinding and milling)
processing of new nanocomposite
materials - epoxide resin with
Sio, NP
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Monitoring of exposure Welding 1

Stationary monitoring (2016-2020): / I I I I
= By off-line Berner Low Pressure Impactor (BLPI)-10 o

S‘tages + Er‘aVimetr‘y. ion Chr‘omatogr‘aphy + Scanning ) 56100 100161 161247 247435 435861

electron microscopy (SEM) to analyze the elemental | e

composition. B Machining 2- N

80%
* By on-line approaches [Scanning Mobility Particle Sizer o I I I

(SMPS) + by Aerodynamic Particle Sizer (APS)], total o

40%

data from 32 size classes/decade were available (range o

20%
10%

from nano-fraction <25 nm to 10 pum). o H = =

25-56 56-100 100-161 161-247 247-435 435-861

(uot3yoeujoueu wodu4) 6TQZ UOTITSOdwod
AJejusauwaTa aATleTaJd 40 saTdwex3

HNa mMg mAl Si WP HS mCl WK mCa HTi mCr mMn HFe

Personal monitoring:

» New pilot sampling of nano-fraction starting in 2019
by PENS - PErsonal Nanoparticle Sampler (3 parts).

SN3d

Zdimal, V. et al. Monitoring reports 2016 - 2020. sampling pump
~ =~ ~ Fig. 1: Schematic diagram of PENS (Tsai et al., 2012).
Ondrackova, L. et al. XX. vyroc¢ni konference CAS 2019, 100-101.



Methods (MN + FISH)

= 2 basic cytogenetic methods were used
(effect of exposure to various environmental factors: air pollution exposure, various
chemicals, smoking, alcohol, diet, radiation, stress...nanoparticles exposure)

1. MicroNucleus test (MN) + FISH modifications with

centromere staining

2. Fluorescence In Situ Hybridization (FISH) of whole
chromosomes

11 Blood Lymphocytes (PBL)



Methods (MN + FISH) and microscopic analysis

ANALYSIS OF MICRONUCLEI IN BINUCLEATED CELLS (main aim)
Most frequently used cytogenetic method in molecular epidemiology reflects

exposure to agents with

clastogenic

or

aneugenic

(cytochalasin-B is used to inhibit cytokinesis).
»Basic®“ variant of MN assay was improved by application of centromeric
probes (FISH method) with the aim to recognise chromosome loss (effect of
aneugens) or break (effect of clastogens).
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Results, MN frequency

Absolute values of total, CEN+ and CEN- MN/1000 BNC Absolute values of total, CEN+ and CEN- MN/1000 BNC

2016 2017
,ACUTE®
CHRONIC
p=0.716
= (@) ——
= =
o 0
® ®
® ®
® ®
= b=
~ ~
=2 =
= =
EXP PRE-SHIFT EXP POST-SHIFT CON EXP PRE-SHIFT EXP POST-SHIFT CON
mMCEN- MN = CEN+ MN B CEN- MN = CEN+ MN

= 1In contrast to acute exposure, chronic exposure to NP does not affect the frequency of total MN.

= Gender-related DNA damage differences were observed by MN analysis — detail WCP FISH.

Rossnerova, A. et al. Mutagenesis 2019, 34, 253-256. Rossnerova, A. et al. In NANOCON 2018, 554-559.




Rossnerova, A. et al. In NANOCON 2019, in press.

Results, WCP FISH
= Gender-related DNA damage differences were observed by to MN analysis — detail WCP FISH.

Total, CEN+ and CEN- MN/1000 BNC in males and females
I BNC METAPHASES
Year Total CEN+ CEN-
Gender A: Normal C: M;
B: With CEN+ D: M; rcp(Ab)(Ba)
2016 MN and one E: F; +3X
38 9.70 [0.002 : 4.66 signal F: F; rcp(Ab)(Ba)
11  16.09 5.09
2017
26 10.15 (0.018 . 3.92
14  13.57 5.57

Examples of cytogenetic findings analyzed by MN test |
with Pan-centromeric FISH (A-B) and by WCP FISH (C-F)

|
§ g MALES i FEMALES
< 1
Sé _ﬂ gLo6 9,38 ﬂ i 1 1 \<
S STRUC AB NUMERICAL AB ; STRUCTURAL AB NUMERICAL AB
< =

N N HE Y

» Structural ab. - dominant in males (autosomes) X numerical ab. - dominant in females (gonosomes).



Part III: Epigenetic part of the study

1. Background and methods - DNA methylation

= 4 basic bases in DNA (A, T, C, G).
» (Crucial role of cytosine in epigenetics!

= (Cytosines in CpG dinucleotides can EE/
methylated to form 5-methylcytosines.

= Roughly 28 million CpG sites in human genome.

» 40% is located in promoters of genes, commonly
in clusters (CpG islands).

o o

GLOBAL DNA METHYLATION

(quantitative)

GENE-SPECIFIC DNA
METHYLATION

(qualitative)

——
Methylation of cytosines in CpG sites of DNA is
linked to control of gene functions

T methylation in promoter = | gene expression
! methylation in promoter

DNA methylation is an important mechanism in
prenatal programing of genes affected by
environmental stressors.

T gene expression ¢

Methyl Methyl

-.,~'JG ch

p
Q | E E Target gene
C:) Methylation inhibitor

J’Marhw

Target gene

DELSEVIER, INC. - ELSEVIERIMAGES.COM

II.

III.

RT-qPCR MethyLight or
Tagman assay

Array - Illumina Infinium
Human Methylation
BeadChips

27K (27 000+ CpG)-0.1%
450K (485 000+ CpG)-1.7%
850K (850 000+ CpG)-3%

Whole-Genome Bisulfite
Sequencing




2. iScan system

-

(Bioinformatics)
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Moran and Esteller, Epigenomics 8 (2016) 389-399.
= 4 DAY Illumina workflow Doy 1 Day 2 ——
DNA isolation L SN
.. . Hands-on: min/plate S Bergems Reagents
Qua nt 1.F1 C at ion Fluorometer: 5 min/plate Mmﬂy'a.ﬂm o Pf‘ .
Reagents =L Bl St
BS conversion péﬁgégaéﬂﬁhA ceb Biate i
Fragmentation e l <
Precipitation e B | Make Msas st
Resuspension l 7 Sy e FoTTERY T
Hybridization s
h . Conversigop wSaeut
Washing e e e B
Staining Zym B2 DNA
Methylation Kit frclbatian: 20 24 hreurs
Scanning Genomic DNA ':‘3:"::_‘.):.’:’,";?;'.:.‘:‘
+

Sutput

Image and Data Files




Rossnerova, A. & Honkova, K. et al.
IJMS 2020, 21, 2420.

DNA methylation profiles in - of workers occupationally exposed to nanoparticles and controls (2018)
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o

A .
g . :
S ot N e 7
go- . * § ' e : :
° % & A A
-10-
~ “‘$('
20 0 10 \(\?*0
Dim1 (19.3%) C
@con A exp

exposed pre-shift x control pre-shift

Results 1
PRE x POST (EXP) : PRE x POST (CON)
500 - § 500-
¢ -, ‘ A = A
- i, Asga A . = °
A ; . .
gﬂ """""""""""" *‘...‘A* Aal P EU“"" ................... L) .. .........................................
£ . . o y i £ A . A
a a = °
L] = L ]
500- !
: -500
H (3 °
a \)ﬂe
- pC
-500 0 25 0
Dim1 (13.3%) Dim1 (12.5%)
@post A pre @ postA pre

20-

Dim1 (19.2%)
@ con Aexp

exposed post-shift x control post-shift

» Acute (short-term, daily) exposure is
not accompanied by DNA methylation
pattern chan as well as in controls.

» Chronic (long-term, years) exposure is
ccompanied by DNA methylation pattern
changes in exposed subjects.

<

» Significant differences in methylation

after long-term exposure included: 341
CpG loci  hypomethylated and 364
hypermethylated.




Rossnerova, A. et al. IIJMS 2021, 22, 7834.

Results 2
methylation profiles in 10 workers exposed to nanoparticles and 4 controls (2016-2019)

I | P 2 ; A » The results show the shift in DNA
§O éu § ” jIN methylation pattern during the
. P ; g 2 years, 1in all the exposed and
; 2016 -500 g 5 .
3 ‘ control subjects.
5 0 500 500 0 500 500 0 500 500 0 5
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Rossnerova, A. et al. IIJMS 2021, 22, 7834.

Results 2

_ DNA methylation profiles in 10 workers exposed to nanoparticles and 4 controls (2016-2019)

e The selected 14 most differently N e
methylated cg loci were relatively é
stable in the exposed subjects. - ““h_ﬂ_gf_q “1EEEEEE W o
(The differences between the first i S 015 ;B
and last year of examination (a g - e
three-year period) were 16% lower 030 #ﬁ 005 —
in the NP exposed subjects, 1in
comparison with the controls (14 o ey IEERRRIEE | EEESkEE
CpG) . "

020 020 020

* Specific type of long-term exposure L - I ", ':
can contribute to the fixing of e ] | [(—
relevant epigenetic changes related 1 O s 00 0004 |
to NP inhalation (adaptation).

Beta value trajectories of the exposed and control subjects in four consecutive years for 5 CpG loci with
significant beta value differences.



Rossnerova, A. et al. Mutation 3

Research 2017, 773, 188-203.
Previous data ", - .

B R Bie -

Theory of adaptation of humans was flrst t1me ormuled based cC

data obtained during 10 years air pollution biomonitoring research
in the Czech Republic.

f=im: To rev1ew the results of cytogenetic and -omics studies with the aim to find the
. meaningf nterpre ion of the surprising, sometimes opposite results.

-1t$: The reaction of the human body to the short-term
[ epending on previous exposu

g
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Theory sug;gq‘s‘tgd’ the 1enet1c adatatlon to 1on -term _chronic exosure
that should protect our DNA (decreased DNA™ damage 1eve1§§ and—memorize —the events “by ‘BNA

mexhylatlon settlngs in, case 3I~future re-exposure.

T
e - % 2

Versatility of the theory for various environmental stressors e



Rossnerova, A. et al. IJMS 2020, 21, 7053.

New data
The model of the process of adaptation to environmental exposure and its “storage” by Different exposure
epigenetic memory (EM) in stem cells. scenarios during the life

and their consequences:
Exposure episodes during an adulthood

| = (a) New adaptation to

New-Exposure A - chronic New- Exposure B - chronic New-Exposure C-acute  Re-Exposure A - chronic  Re-Exposure B - acute =
égg i%x i%\ chronic exposure A and

preservation by EM.

(a) (c) (d) ) (e)

[
20 years 30'years 40 years 50 years 60 years - ( @ ) NO adaptat ion to
"l Stem cells (hematopoetic) and pre-/post- exposure DNA methylation pattern - acute exposure C and no
pre-exp. A post-exp. A pre-exp.B  post-exp. B pre/post-exp. C pre/post- re-exp. A pre/post- re-exp. B .
| i preservation by EM.

@ = @ @ @ = (d) Already adapted to
"l Blood cells and pre-/post- exposure DNA methylation pattern including DNA damage X - chronic re- exposure A
pre-exp. A l_ater/post-exp. A pre-exp. B Iilt"-‘I'I'P"-‘St'e’(l"' B pre-exp. C i post exp C |pre-re-exp. A later/post-re-exp. A pre-re-exp. B Iater/post -re-exp. B Via EM.

,’_\\ / ( ) ”’_‘\ ' %, / TEE ’/—‘ \\\ /-—--.\ \ =
@) & @) @& @ | @ W@ | @@ )| @ adapted to
~ee’ earl;;xp.f-\ e S——” early-exp. B e exp. € s “~="early-re-exp. A ==~ - ’early-re -exp. B - -
I" Adaptation process and role of epigenetic memory (EM) e
Newly adapted to Newly adapted to No adapted to Already adapted to Already adapted to
chronic exposure A and chronic exposure B and acute exposure C and chronic re-exposure A acute re-exposure B .= .
keeping by EM keeping by EM no keeping by EM viaEM via EM Versatility ? - YES




Part IV: Results and theory of adaptation
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