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young neurons forming projections

Network (6 days later)

two neural crest cells with
elaborate cytoskeleton

central neural precursor cells,
forming a tissue
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A bit of model theory…………

This

not this
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Type 1 (replica models): ‚look similar‘

a ‚car‘

Assumption: if it looks like reality, it will
behave like reality under challenge

Advantages: no need to know, how car functions

Disadvantages: may give wrong answers (e.g. concerning car crashes)
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Type 2 (concept models): ‚function similarly‘

a ‚crash test dummy‘

Advantages: measurement and prediction of complex events

Assumption: it functions like reality,

Disadvantages: 1. does not look like reality
2. need to know how model and reality function
3. works only for very specific questions
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Type 1 models
(‚look‘ similarly)

Type 2 models
(function similarly)

Different approaches to toxicity testing

hazard?

chemicals
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Type 1 models
(‚look‘ similarly)

Type 2 models
(function similarly)

InputOutput relation
for animal = man

Complex animal-free tests
- non-genotoxic cancer
- developmental toxicity
- organ toxicity
- etc.

Different approaches to toxicity testing

„Early“ animal-free tests
- skin irritation
- eye irritation
- genotoxicity
- etc.

http://chronicle.com/blogs/brainstorm/a-small-silly-question/35029/questionmark
http://chronicle.com/blogs/brainstorm/a-small-silly-question/35029/questionmark
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Approaches to use functional testing for hazard assessment
(= use of new approach methods (NAM); mechanistic assays)

Anchor to an 
adverse outcome (AO)

Sequence of
damage steps (KE)

Molecular initiating event
(MIE)

Damage assessment,
but at earlier stages
Alternative: non-damage assessment,
„all going well“
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Approaches to use functional testing for hazard assessment
(= use of new approach methods (NAM); mechanistic assays)

„Healthy“,
Normal development

Assessed externally
(Exophenotype)

Normal brain histology
Normal connectivity

Normal basic function

Assessed on brain level
(Endophenotype)

Many steps

all need to occur

without mistake

Process controlIf something
goes wrong....

Toxicity
endophenotype (TEP)



12

Assumption I: there are key neurodevelopmental processes required to 
form a fully functional and intact nervous system.

Assumption II: if key neurodevelopmental processes are disturbed, functional
or structural deficits may arise.

Procedure: define and establish test methods for key neurodevelopmental
processes and evaluate interference by test chemicals

Principle: 
‚process control‘ instead of ‚end stage control‘
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What is modeled by test methodsWhat is predicted in man

DNT effects
(e.g. lowered IQ, 
sensory defect…)

Toxicity 
endophenotype

(TEP)
(e.g. altered electrical 

circuits, cellular 
disarray…)

Developmental
processes (DP)

differentiation

migration

neurite growth

Test methods

1

2

3

Only observable 
in man

Altered functionality/ 
connectivity that is

biologically quantifiable

Several disturbed 
biological processes 

can trigger a TEP

Test methods for
investigation of DP

Overview: a process control-based
test strategy for DNT

13
DP = fundamental neurodevelopmental processes in DNT
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Addressing the underlying
endophenotypes is feasible
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Key neurodevelopmental processes

Glial 
Progenitor 

Neuronal 
Progenitor

Apoptosis

Synaptogenesis

Network 
formation and 
function

Neurite outgrowth

Network formation
and function

Myelination

Migration

Microglia (CD45, CD11b etc)

Astrocytes (GFAP)

Neurons (diverse neuronal
markers)

Differentiation

Apoptosis
Oligodendrocytes (O4, GalC ,CNPase) 

Proliferation

Neural 
Stem Cell

(NSC)

Glial Progenitors 

Erythromyeloid
Progenitor 

Neuronal 
Progenitors 

Neuroepithelium

Radial Glia

Pluripotent 
Stem Cell 
(PSC)

Bal-Price (2018) ALTEX



In vivo Finding Disturbed neurodevelopmental processes

Brain weight up/down Proliferation, Apoptosis

Holoprosencephaly Apoptosis, Neurodifferentiation

Lissencephaly Apoptosis, Neurodifferentiation, Migration

Neuroinflammation Astrocyte activation, Gliosis, Neurodegneration

Cortical layer thickness Proliferation, Migration, Myelination

Disturbed reflexes Neurodifferentiation, Myelination, Synaptic transmission

Anxiety behaviour Neurodifferentiation, Synaptic transmission, Synapse 
formation

Eventually, any DNT finding (man or animal) must be due to
a combination of disturbed neurodevelopmental processes

If a compound does not disturb at least one process, it cannot be
associated with a DNT hazard
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Ongoing projects to cover neurodevelopmental processes by NAM
(examples)

1. NTP screen battery (international contributions and data base)
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Ongoing projects to cover neurodevelopmental processes by NAM
(examples)

2. OECD-coordinated program (with EPA, EFSA, JRC etc..)
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Ongoing projects to cover neurodevelopmental processes by NAM
(examples)

2. OECD-coordinated program (with EPA, EFSA, JRC etc..)

NPC1 - NPC 
proliferation

NPC2 - NPC 
migration

UKN2 MINC assay
NCC migration

NPC3 – NPC 
Neurons

NPC4 –Neuronal 
morphology (early)

NPC5 – NPC 
Oligodendrocytes

NPC2/3 - Neuronal 
migration

UKN4 – Dopa-ergic
differentiation

Proliferation

Migration

Neuronal 
Differentiation

Neurite 
Morphology

Glia Differentiation

UKN5 –Neuronal 
morphol. LUHMES

Apoptosis ReNCX - NPC 
apoptosis

IUF/UKN

EPA

Rat Neuronal 
network formation

Neuronal Network 
Formation

EFSA / DK-EPA screen battery (at IUF and UKN)

IUF: Leibnitz Institute Düsseldorf, UKN: University Konstanz, 
EPA: US environmental protection agency, JRC: EURL-ECVAM laboratories

JRC

• synapse formation
• network formation
• HTS facility
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Ongoing projects to cover neurodevelopmental processes by NAM
(examples)

2. OECD-coordinated program (with EPA, EFSA, JRC etc..)
EFSA / DK-EPA screen battery (at IUF and UKN)

IUF: Leibnitz Institute Düsseldorf, UKN: University Konstanz, 
EPA: US environmental protection agency, JRC: EURL-ECVAM laboratories

as
sa

ys

test compounds
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Ongoing projects to cover neurodevelopmental processes by NAM
(examples)

3. SysDT project of the BMBF

BMBF: German ministry of science and technology

Universities of Konstanz, Köln, Dortmund
Charité Berlin, IfADO Dortmund
associated: Roche (Basel)
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Ongoing projects to cover neurodevelopmental processes by NAM
(examples)

4. DNT meeting series
and CAAT workshops



23forms spinal cord

Example:
Test of early brain/spinal cord development



neural plate

NC NCED ED

Valproic acid (VPA)
(anti-epileptic)

Failure of neural
tube closure

24forms spinal cord



Cellular model: Neural differentiation from iPSC

hiPSC NEP
ectoderm / 

neuroectoderm

day 6day -3

Oct4

Pax6 / Nestin Pax6 / Nestin GM130/ ZO1

Rosettes
day 15

lineage 
specification differentiation

functional 
anchoring

Pax6 / Nestin

Oct4

Pax6 / Nestin

PAX6/Nestin
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Model readouts and examples for current challenges

NOEL

cytotoxicityclinically relevant

Shinde et al (2016) Arch Toxicol

1. Robust quantification
(with uncertainties)

3. In vitro – in vivo extrapolation
(with barriers of placenta and brain)

2. Toxicological prediction model
(with performance parameters)

4. Test battery
(avoid FN and FP)
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