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Van der Jagt et al., ECB 2004

65% of experimental 
animals is required for 
reproductive toxicity testing 
in REACH

OECD416

OECD414

OECD421
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RISK 
ASSESSMENT

Toxicity 
Databases

Alternative 
Tests

Testing 
Strategies

reduce cost, time, 
and animal use, 

increase efficiency

design building 
blocks for testing 

strategy

build databases 
and analyse 

them for critical 
end points of 

adversity
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WEC (photo Aart Verhoef, RIVM)ZFET (photo Sanne Hermsen, RIVM)

EST (photo Dorien van Dartel, RIVM)
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Contracting cardiac muscle foci

Embryoid Body (day 10)

Embryoid Body (day 5)

Embryoid Bodies (day 3)

Hanging drop culture

Embryonic stem cell culture
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Compound 
exposure

Compound 
exposure

Proliferation decreases 
whilst differentiation 
increases with time
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G
time

Time dependent gene expression clusters
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D: Unidentified

C: Proliferation

F: Early differentiation

G: Late differentiation

E: Unidentified

B: Cell adhesion

Embryonic stem cell differentiation 
monitored by differential gene expression

A
B

C

D

E

F

G

Regulated genes can be divided into 7 clusters with 
different gene expression profile in time

A: Pluripotency

-3.5              �s1            +3.5

Predominant gene cluster function
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• Principal Component 
Analysis

• Chronological 
appearance of time 
points in PCA plot

• Increasing variation 
within time points 
with time

• 24 hr time point 
shows most 
extensive changes: 
selected for further 
studies
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Regulated in ESC 
differentiation 
(3579 genes)

• 26 differentiation-related 
genes also affected by 
embryotoxicant exposure

• These 26 genes were 
combined in a set, named 
‘EST biomarker genes’

• This gene set was used to 
define the differentiation 
track

Regulated by 5 
embryotoxicants 
tested (110 genes)

3553    26     84
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A Mechanistic validation rather than chemical validation
A Category approaches to determine applicability domain
A Potency ranking rather than positive-negative scoring
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A Flusilazole dose-response
A EST classical dose-

response on contracting 
muscle foci readout

A Differentiation more 
sensitive than proliferation

A Interpreted as indicative of 
a specific developmental 
toxicant

������
��
�����
�5�����



)��
������*����+�

��((
���������,�
��������
'�
��� ��
���
����-������.������������

�7

����"
��(��������
�
����
�(������

������
��
�����
�5�����



)��
������*����+�

��((
���������,�
��������
'�
��� ��
���
����-������.������������

�%

1��+��(�
�� ���������	
������� 8�����-(
������

MeHg response compared 
among biological systems

157 GO Biological Processes 
related to developmental terms 
(p<0.05, � 5 genes, any of the 8 datasets) �������������
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EST (photos Dorien van Dartel, Peter Theunissen, Esther de Jong, RIVM)

cardiac muscle nerve bone
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SSEA-1 nestin

� -III tubulin GFAP NF-M

Photo’s Peter Theunissen, RIVM
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RISK 
ASSESSMENT

Toxicity 
Databases

Alternative 
Tests

Testing 
Strategies

reduce cost, time, 
and animal use, 

increase efficiency

design building 
blocks for testing 

strategy

build databases 
and analyse 

them for critical 
end points of 

adversity
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