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Extrapolation to human

Utilizing human cells, especially ES/iPS cells
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Current developmental toxicity testing

Evaluating developmental toxicity based on 

the outcome of chemical induced effects.
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• Proliferation

• Differentiation

• Migration

• Cell-cell interaction

• Tissue formation

• Organogenesis

Examples of malformation

Fused libs

Cleft palate

Developmental processesAnimal testingAnimal testing

Mother animal

Chemicals



Developmental processes are regulated by signal transduction

• Temporal 

dependency

• Proliferation

• Differentiation

• Migration

• Cell-cell 

interaction

• Tissue formation

• Organogenesis

Developmental processes Signaling network



Developmental processes are regulated by signal transduction

Signaling network

Hypothesis: Malformation Signal disruption (directly                    )

Chemicals

Fused libs

Cleft palate

Examples of malformation



Developmental processes are regulated by signal transduction

Hypothesis: Malformation Signal disruption (directly or indirectly)

Fused libs

Cleft palate

Examples of malformation
Signaling network

Chemicals



Developmental processes are regulated by signal transduction

Signaling network

Hypothesis: Malformation Signal disruption (directly or indirectly)

Chemicals

Fused libs

Cleft palate

Examples of malformation

Can we evaluate developmental toxicity based on signal disruption?



Developmental processes are regulated by signal transduction

Signaling network

Hypothesis: Malformation Signal disruption (directly or indirectly)

Chemicals

Fused libs

Cleft palate

Examples of malformation

Trying to detect the dynamics of signal disruption by chemicals.

Can we evaluate developmental toxicity based on signal disruption?



Method：Establishment of  FGF-SRF signal reporter cell line

(Kanno et al., iScience)



Method：Establishment of  FGF-SRF signal reporter cell line

Live-cell luciferase assay using NanoLuc

(Promega)

(Kanno et al., iScience)



ヒトiPSC：201B7株

AAVS1 locus:

A region in the human genome where inserted 

gene is stably expressed and do not interfere 

with the expression of other genes

Knock-in the construct into AAVS1 locus

Live-cell luciferase assay system

Human iPSCs 201B7 line

Method：Establishment of  FGF-SRF signal reporter cell line



Method：Evaluated chemicals (ECVAM validation study on in vitro embryotoxicity tests)

The maximum concentration used was below the IC50 value; 

otherwise it was determined by maximum dissolved volume.

(Kanno et al., iScience)
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Multiple conc. of test chemicals

Un-diff. Diff.

FGF+ FGF-

Diff. State

Medium

Stimuli 

Experimental procedure to detect the dynamics of signal disruption

Signal dynamicsChemicalSubstrate bFGF



FGF-SRF signal was disrupted at different timing for each chemical.
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FGF-SRF signal was disrupted at different timing for each chemical.

The impact of signal disruption need to capture the dynamics.
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Results：ROC curve analysis
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Summary of evaluated results: 21 toxicants and 14 non-toxicants

iScience, 2022. JBB, 2022. STAR Protocols, 2022.

Accuracy: 89%
(Specificity: 100%, Sensitivity: 81%)

Thalidomide, as well as  its metabolite 

and derivatives, showed positive results.
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Hypothesis of the high accuracy results

Chem.

Chem.

Chem.

Conceptual diagram

SRF

Understanding signal disruption 

dynamics might comprehensively 

assess developmental toxicity.

Retinoic acid

Depending on the chemical target, 

there is time variability before the 

FGF-SRF signal is affected.

Major signaling pathways interact with 

each other throughout development.
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Manual measurement                            Automatic measurement
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Each color indicates the 

value of different wells in 

the same plate.
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Generalizing our experimental system and improving its throughput 



Changes in concentration-dependent signal disruption dynamics

Manual measurement                         Real-time measurement
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Developmental toxicant:

Valproic acid

Real-time measurements enable detailed analysis of 

signal disruption dynamics.

Non-Developmental toxicant:

Cimetidine
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Generalizing our experimental system and improving its throughput 



This method offers a high-throughput, cost-effective screening 

for accurate developmental toxicity testing 

that can be completed within one week.

Real-time measurement procedure

Mon WedTue Thu Fri Sta Sun

Seeding

Next week, 

Stop Kronos 

M/C Start evaluationM/CNothing Nothing Nothing



Conclusion
We've developed an in vitro developmental toxicity test with 

high accuracy and throughput, utilizing the dynamics of 

FGF-SRF signaling disruption caused by chemicals.

Future directions
1. Increase the number of test substances.

2. Clarify the molecular mechanisms behind the detection 

of developmental toxicity in our assay.

3. Investigate downstream pathways other than SRF in 

FGF signaling and disruptions in other signals."
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Clinical data

Human：CMAX 0.62 ug/mL



Validating RTK-SRF signal reporter system in live cells
Ligands Not ligands

Downstream genes



Results：FGF-SRF signal reporter assay

Solid gray line: developmental toxicants causing limb deformities, solid white line: other developmental toxicants, dotted white line: non-developmental toxicants



Results：FGF-SRF signal reporter assay

Solid gray line: developmental toxicants causing limb deformities, solid white line: other developmental toxicants, dotted white line: non-developmental toxicants



Results：Area between the curve (ABC)
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