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Introduction

- Objectives ~
» Determining biomarkers of effects
» Establishing links between molecular and

phenotypic effects during the development of
the central nervous system

Industrial, military Chernobyl and

and medical sources Fukushima \ J
Controlled Uncontrolled
rejects rejects
_— The central nervous system is sensitive to

ionizing radiations

» Reduction of brain size on:

Birds at Chernobyl (Moller et al. 2011)

* Macaques at Fukushima (Hayama et al. 2017)
* Mice (Vereet et al. 2016) .

What are the effects of chronic
low dose exposures on the 8

environment? &Behavioral effects on mice (Vereet et al. 2016)//
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Material and methods

Biological model : zebrafish
* Transparent embryos and quick development
* Sequenced genome
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Material and methods

Biological model : zebrafish
* Transparent embryos and quick development
* Sequenced genome

—— Dose rates studied ———

* Irradiation by a *3’Cs source

* 0.5mGy/h
* 5mGy/h
* 50mGy/h

Low dose rate < 6mGy/h
(UNSCEAR. 2012)
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Material and methods

Biological model : zebrafish
* Transparent embryos and quick development
* Sequenced genome

Developmental stages studied
—— Dose rates studied ——— Start of
irradiation 24 hpf 48 hpf 96 hpf 120 hpiL

* Irradiation by a 13’Cs source

* 0.5mGy/h £
*  5mGy/h J
* 50mGy/h

Low dose rate < 6mGy/h hpf : hours post-fertilization
(UNSCEAR. 2012)
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Material and methods

Biological model : zebrafish
* Transparent embryos and quick development
* Sequenced genome

Developmental stages studied
—— Dose rates studied ——— Start of

irradiation 24 hpf 48 hpf 96 hpf 120 hpf
* Irradiation by a 13’Cs source >

«  0.5mGy/h ,
. 5mGy/h ;\\;) — —> r—

* 50mGy/h

Low dose rate < 6mGy/h hpf : hours post-fertilization
(UNSCEAR. 2012)

Phenotypical scale

—— Molecular scale

* Mortality

* Hatching

* Morphology

* Heartrate

* Behavioral tests

* Transmission electron microscopy

* Transcriptomics (RNA-seq)
¢ RT-qPCR

* Hybridization in-situ

* Proteomics

* Detection of foci y-H2AX
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Results - Transcriptomics

Number of differentially expressed genes between dose rates Criteria for differentially
expressed genes

Fold-change > 1.5

Adjusted p-value £ 0.01

24hpf @ 48hpf e— :
0.5mGy/h (112)  5mGy/h (2814) 0.5mGy/h (230)  5mGy/h (459) 0.5mGy/h (30) 5mGy/h (326)
70 1125 89 68 16 61
(2.1%) (33.5%) (6.4%) (4.9%) (1.3%) (5%)

476 792 865
(14.2%) (57.1%) (71.3%)
50mGy/h (2137) 50mGy/h (1216) 50mGy/h (1137)
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Results - Transcriptomics

Number of differentially expressed genes between dose rates Criteria for differentially
expressed genes

Fold-change > 1.5

Adjusted p-value £ 0.01

= P -
24hpf | N N 48hpf e—

e —_—

0.5mGy/h (112)  5SmGy/h (2814) 0.5mGy/h (230)  5mGy/h (459) 0.5mGy/h (30) SmGy/h (326)

70
(2.1%)

1125 89
(33.5%) (6.4%)

68 16
(4.9%) (1.3%)

61
(5%)

476 792 865
(14.2%) (57.1%) (71 3%)
50mGy/h (2137) 50mGy/h (1216) 50mGy/h (1137)

» Fewer differentially expressed genes at 0.5mGy/h
» 20% to 50% of common genes between 5mGy/h and 50mGy/h
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Results - Transcriptomic - GO Term analysis

Animal organ morphogenesis -
Brain development -

Neuron differentiation -

Muscle structure development -
Cell differentiation -

Response to oxidative stress -
Retinol metabolic process -
Retinoid metabolic process -

Notch signaling pathway -

Dose rates (mGy/h)

05 5 5005 5 5005 5 50

24hpf

A8hpf

96hpf

SETAC Europe 29t Annual Meeting — Fish Model Species in Human and Environmental Toxicology

Ratio
® 0.1
® 0>
@ os

p-value

0.075
0.050
0.025

IRSN erson



Results - Transcriptomic - GO Term analysis

Animal organ morphogenesis - ® ® o o 0 -
Ratio

—> Brain development - ® O® ¢« o O ® 01

—> Neuron differentiation{ e o 0 O @ 02

—>» Muscle structure development - o O . >

Cell differentiation{ o @ @ e © @ p-value
Response to oxidative stress - @ 0 o & o 0.075
—> Retinol metabolic process - & - W 0.050
—> Retinoid metabolic process - i ® O 0.025
Notch signaling pathway - - W o O

Dose rates (mGy/h) 05 5 5005 5 50 0.5 5 50
24hpf A8hpf 96hpf
» Potential impact on neurogenesis at all dose rates
» At 5 and 50mGy/h potential impact on retinoic acid pathway and myogenesis
» Hypothesis: perturbation of retinoic acid pathway may disrupt neurogenesis
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Results - Transcriptomic - Transcription factors analysis

Number of differentially
expressed transcription factors

Nb of transcriptional regulators

=o- 0.5 mGy/h
== 5 mGy/h
== 50 mGy/h

» Decrease of number of
transcriptional factors
misregulated during development
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Results - Transcriptomic - Transcription factors analysis

Number of differentially
expressed transcription factors

Clusterization of transcription factors

Nb of transcriptional regulators

Log2(Fold Change)

0.5mGy/h 5mGy/h 50mGy/h

3004 T P Y P i
== 0.5 mGy/h \ O O C o o O O

L L L £ e EE L

== 5 mGy/h 4 -2 0 2 4 <t 00 O < 00 O <

N < OO N 5 O N

== 50 mGy/h

48hpf
96hpf

1004

o

24hpf 48hpf 96hpf

» Decrease of number of
transcriptional factors
misregulated during development

» Similar expression profile
between 5 and 50mGy/h
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Results - Proteomics at 96hpf

Differentially expressed proteins S6hpf SmGy/h 96hpf S0mGy/h
FC>1.5p<0.01, n=56 3 FC>1.5p<0.01,n=88
o) g .
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0 . b __; o 0. - - o - .
3 -2 -1 0 1 2 4 =2 0 2
Log2(Fold Change) Log2(Fold Change)

CRCM

Centre de Racherche
en Cancéralogie de Marseille
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Results - Proteomics at 96hpf
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Results - Proteomics at 96hpf

Differentially expressed proteins S6hpf SmGy/h 96hpf S0mGy/h
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Results - Behavioral tests

. . Brustein et al. 2003
Integrative parameters of locomotor functions development Goulding. 2009

Kiehn. 2016
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Results - Behavioral tests

. . Brustein et al. 2003
Integrative parameters of locomotor functions development Goulding. 2009
Kiehn. 2016

Test n°1 : Tail coiling (24hpf)
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Results - Behavioral tests

Integrative parameters of locomotor functions development

Brustein et al. 2003
Goulding. 2009

Test n°1 : Tail coiling (24hpf)
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Test n°2 : Visual motor response (120hpf)
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Results - Tail coiling at 24hpf

;-—5-40-
> ! '
= 3 o I
© . . %
< 8 . ’
L] L 'ﬂ
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. - :
Permutation test
p-value < 0,05 ‘
n=150
D_
Control 05mGy/h  5mGy/h 50mGy/h
Treatment
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Results - Tail coiling at 24hpf

60 %
Eﬁlﬂ-
> @ |
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© . . )
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i 4 1
. % 3
Permutation test
p-value < 0,05
n=150
[}_
Control 05mGy/h  5mGy/h 50mGy/h
Treatment

Increase of embryo activity at 5mGy/h

» Neuromuscular effects at 5mGy/h?

» Hypothesis: Effect may be linked to a high number of misregulated transcription
factors at 24hpf at 5mGy/h
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Results - Visual motor response at 120hpf

Time
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Results - Visual motor response at 120hpf

Time

_ Light 5 Dark 10 Light 15
(minutes) g P ® ®
5 [ ]
]
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Permutation test Decrease of velocity in dark phase at all dose rates
p"’a;ge <0,05 » Impact on neuronal network controlling fast swim?
n= :
> Stress response may also be involved Kiehn. 2016
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Conclusions and Perspectives

Dosimetry

lonizing radiation
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Conclusions and Perspectives

Dosimetry Transcriptomics and proteomics

Neurogenesis

Retinoic acid
pathway

lonizing radiation —>

Myogenesis
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Conclusions and Perspectives

Dosimetry Transcriptomics and proteomics Behavioral tests

Neurogenesis

Retinoic acid :
lonizing radiation —> Behavioral effect
pathway

Myogenesis
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Conclusions and Perspectives

Dosimetry

Transcriptomics and proteomics Behavioral tests

lonizing radiation

Retinoic acid
pathway

T

Neurogenesis

Behavioral effect

Myogenesis

]

Biomarkers of effects?
Potential biomarkers:

Retinoic acid : rdh5, rdh10b Neurogenesis: dbx1, oligl
Myogenesis: myog, myf5
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Conclusions and Perspectives

Dosimetry Transcriptomics and proteomics

Neurogenesis

Retinoic acid
pathway

lonizing radiation ——>

Myogenesis

] ]

Biomarkers of effects?
Potential biomarkers:
Retinoic acid : rdh5, rdh10b Neurogenesis: dbx1, oligl
Myogenesis: myog, myf5

Ongoing analyses

Muscles observation with transcription electron microscopy

Transcription factors pattern expression analysis with hybridization in-situ
* Methylome analysis at shield stage
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Conclusions and Perspectives

Dosimetry Transcriptomics and proteomics

Neurogenesis

lonizing radiation ——>

Retinoic acid
pathway

Ongoing analyses

Myogenesis

] ]

Biomarkers of effects?
Potential biomarkers:

Retinoic acid : rdh5, rdh10b Neurogenesis: dbx1, oligl
Myogenesis: myog, myf5

Behavioral tests

Behavioral effect

Muscles observation with transcription electron microscopy

Transcription factors pattern expression analysis with hybridization in-situ
Methylome analysis at shield stage

Perspectives

Investigate the difference in response to lower (0.5mGy/h) and higher (5 and 50mGy/h) dose rates
Explore the mode of action of ionizing radiations on retinoic acid pathway and neurogenesis

Confirm potential biomarkers of effects
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Supplementary results - Transmission Electron Microscopy

Observation of muscle and neuro-muscular junctions

ontrol

5 mGy/h 50 mGy/h

T M line A band
Z line
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Supplementary results - Transcriptomic - Transcription factors analysis

Myogenesis transcription factors * *
4(1)'
vy 4000
IS ~~ Control
§ 3000 300; -~ 0.5mGy/h
B ‘ - 5mGy/h
'"§ 2000 2001 -= 50mGy/h
= 1000+ 1001
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Neurogenesis transcription factors
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Supplementary results - Immunostaining

Detection of gamma-H2AX foci

2.01

Treatment

y-H2AX focl number / hucleus
o

0.01

24hpf 48hpf
Stages
T-test
p-value < 0,05
n =400
Error bar: Confidence interval at 95%
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Supplementary results - Heart rate at 48hpf

—
~l
an
[ |

Heart-beats per min (48hpf)

Tofgst Control 0.5mGy/h5mGy/h 50mGy/h

* p-value < 0,05
** p-value < 0,001
n=70
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Supplementary data - Cumulated doses (mGy)

MICADO installation

_ 0. 5mGy/h 5mGy/h 50mGy/h

24hpf 1200
48hpf 24 240 2400
96hpf 48 480 4800
120hpf 60 600 6000
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