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Cell Biological Processes performed by NPC

- Growth/Synaptogenesis
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The Neurosphere Method

Neural Stem/Progenitor Neural Stem/Progenitor
Cells (NPCs, Lonza) . Cells self-prepared
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Fetal Brain Culture as Neurospheres Fetal Brain
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NPC Proliferation: NPC Migration: NPC Differentiation:
-Increase in size/time -Total migration distance -Neurons
-BrdU incorporation -number of migrated cells -Astrocytes
-neuronal migration -Oligodendrocytes
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The ‘Neurosphere-Assay’

Neurosphere Culture

Proliferating  Differentiating
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Proliferation Migration

3 days

5 days

Differentiation

From Breier...Fritsche.. et al. Neurotoxicol Teratol 2009

== | Apoptosis
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Outline

Thyroid Hormone (TH)

Arylhydrocarbon Receptor (AhR)
Valproic Acid

- Histone Deacetylase (HDAC) inhibition
- Apoptosis

HCA (Cellomics Arrayscan & self-written

algorithms ‘Omnisphero’)
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Ontogeny of T3 receptors in rat
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Thyroid Hormone

Hairless expression

Oligodendrogenesis
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Thyroid Hormone

MBP expression - hNPC MOG expression - mNPC
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AhR - migration
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AhR - gene/protein expression
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NPC epG2

ARTICLE

Expression of Aryl Hydrocarbon Receptor in Human Placentas

and Fetal Tissues
AhR

Yi-zhou Jiang,' Kai Wang,' Roy Fang, and Jing Zheng
Department of Obstetrics and Gynecology, Perinatal Research Laboratories, University of Wisconsin, Madison, Wisconsin
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Human NPC are protected against AhR-dependent toxicity of PAH due to lack of

AhR expression [ U E
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Valproic Acid
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Molecular mechanisms: N et
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Apoptosis:

Bcl-2 expression (Go et al. 2011) _
Bcl-2 expression (Go et al. 2011)

Differentiation:

suggested indirectly by
increasing the NPC pool?
HDAC inhibition suggested
(Montgomery et al. 2004)
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Valproic Acid - NPC proliferation

RAT
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Valproic Acid

NPC proliferation is inhibited by VPA-dependent HDAC inhibition (Baumann et al. in

prep)
VPA does not inhibit neuronal differentiation of rat NPC, but induces neuronal

apoptosis due to formation of ROS.
Human neurons are protected against VPA-induced apoptosis.




Long-Term Culture (25d) of hNPCs in Mal-PVA Hydrogels (Cellendis)

(Hellwig et al. in preparation)

200 x mag. 200 x mag.




Summary (l)

Primary Neurospheres seem to conserve NPC molecular signatures
and functions ex vivo into in vitro.

Due to the multiple neurodevelopmental processes neurospheres are
apt to mimic in vitro, they are well suited for investigations ‘from
pathway to function’.

A variety of interspecies differences in NPC signaling seem to exist
between human and rodent NPCs.

Studying the molecular similarities/differences of neurospheres will
contribute to human risk assessment for DNT, especially in the context
of the ‘Adverse Outcome Pathway’ concept.
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Migration

196X

HCA in differentiating NPC

Differentiation
| )
AR

Astrocytes

Oligodenafocytes

>

Information on the whole
migration area, not just
random areas of a well.

Software needs to
distinguish between different
cell types.

Issue of a high density
culture needs to be
overcome and neurons
correctly identified.

Varying densities in different
areas around sphere core.
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High Content Image Analyses (HCA) for DNT testing

Proliferation

— Neurite Outgrowth fa

@ Proliferation/

: Breier et al., Toxicological Science, 2008
Harrill et al., Neuro Toxicology, 2010
Harrill et al., Toxicology in vitro, 2011

Synaptogenesis
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HCA in differentiating NPC

Omnisphero

Neuronal Quantification

Neuronal Morphology Neuronal Positioning

Schmuck et al. in preparation




Omnisphero: Image Pre-processing

Raw images Binary images

Thresholding (Isodata)

|
Watershade

Thresholding (Isodata)
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Omnisphero: Neuron ldentification

Composite Fill Neuron Tracer Optional: Manual annotation
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Omnisphero: Automated Analyses

<Student Version> : Omnisphero - oiEl
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Neurogenesis: comparison of methods (IC;, values)

Acrylamide EGF Methylmercury
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Neurogenesis: Accuracy & Precision

Detection Power (DP)

Acrylamide EGF
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Neurite outgrowth: Accuracy & Precision

a) Neurite Length b) Neurite Area
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Sphere-specific Endpoints

Floodfill-Filter

NIZ-INSTITUT
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Program written by Thomas Temme
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Sphere-specific Endpoints: Migration distance

-+ manual
-»- Omnisphero
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Neuronal Density Distribution
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NATURE NEUROSCIENCE VOLUME 16 | NUMBER 4 | APRIL 2013

EGF transactivation of Trk receptors regulates the
migration of newborn cortical neurons

Dirk Puehringer!, Nadiya Orel!, Patrick Liiningschrér!, Narayan Subramanian!, Thomas Herrmann!,
Moses V Chao? & Michael Sendtner!

15 pcw 16 pcw
H376.111A.02 H376.11IB.02
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z-score: 3.23939 z-score: 3.28835

log2 level: 5.29291 log2 level: 5.33629 I U F
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Neuronal Density Distribution

o
£
m
o
p—
o
8 _
1)
2 >
5 C
L ©
= =
«

P
18]
()
o
pa

i
j
o
=
>0
18]

=

5ng/ml EGF

w o oe v e v S
NN e v 8 o

[(sBury jje) suoinaN %/ (6ury) suoinaN %]
Ajsuaq |jeuoinaN

0.5ng/ml EGF

T T T T T <
@ =2 8 8 v 9
~N ~N - - = =

[(sBury jie) suoinaN % (6Bury) suoinaN %]
AJsuaq |euoInaN

Control (EGF)

w ) w ] o ]

[(sBury jje) suoinaN o/ (Bury) suoinaN %]
Ajsuaq |jeuoinaN

Ringnumber

Ringnumber

Rinnpumber

R

T
N

- ] b | it

s/ & s <
Ausyop puoinau adojs abelaay

IUF

Concentration EGF [ng/ml]

LEIBNIZ-INSTITUT
FUR UMWELT-

MEDIZINISCHE
FORSCHUNG



Summary (ll)

« The Neurosphere assay needs specific algorithms for HCA:
development of ‘Omnisphero’.

« Composite fill and Neuron tracer significantly improve true neuronal
detection rate as a ‘conventional’ HCA endpoint.

« Sphere-specific endpoints like migration and neuronal positioning can
be assessed by ‘Ominsphero’.

b

FORSCHUNG



Acknowledgements

Dr. Marta Barenys

Dr. Julia Tigges

Dr. Susanne Giersiefer
Dr. Janette Schuwald
Dr. Henrik Alm

Jenny Baumann
Katharina Dach
Martin Schmuck

Maxi Hofrichter
Stefan Masjosthusmann
Christine Hellwig
Christiane Hohensee
Laura Nimtz

Denise de Boer

Ulrike Hibenthal

Cooperation partners:

Pamela Lein, UC Davis, USA
Heike Heuer, IUF, Disseldorf
Axel Mosig, University of Bochum
Kai Stihler, HHU Diisseldorf

* .
. * LRI Innovative
German Alternative *

Science Award 2006
Methods Award 2007 efS a | -
— ‘o European Food Safety Authority -
'.-7r Bf R $ F?ggral Ministry .g:ace,ﬂc
' of Education ‘a’

and Research .
Bundesinstitut fir Risikobewertung Forschungsgemeinschaft Leibniz - DAAD

Lo DFG IUF

J Thank you for your attention! S

FORSCHUNG




DNT — Translating Time

T RANSLATING

across developing mammalian brains

E11-E14 <
= o P17
GW 6-9 % day = . ST
GW 18-30 P8-14 35
o0 1st trimester 2nd trimester 3rd trimester
30 ———
25 ol
birth
20 -

Translate 9 pom— .
Please select two species, specify the location and process type of the event, input the PC day you want <
transiated from Species One to Species Two, and click the translate button. D 15 _ q:_MOUSE

Species 1 %_)

pecies

| Human_ 3 10 -

Process

‘%Yﬂ???? Elimination:and elimination_+ | 5

Location

[ Whole Brain

Days 0

24 140 979 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

Speces2 GW HUMAN

| TRANSLATE |

Processes: Brain Growth & Neurogenesis, whole brain
www.translatingtime.net

éancy et al Jepiziisc

. Neuroinformatics 2007 Nagarajan et al. Neuroinformatics 2010




