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Cyp26

Cyp26

Retinoic Acid (RA) signaling in early development

Reviewed by  Niederreither and Dollé. 
Nature Reviews Genetics. 2008. 

➢ Highly Conserved receptor in vertebrates (RAR)

➢ Anteroposterior concentration gradient

➢ RA gradient is controlled by enzymatic mechanistic (cyp26)

➢ Positional and directional signalization
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Growing interest in retinoid signaling disruption 
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Molecular initiating 
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Building link between early development malformation and 
population decline with quantitative data

Ceratohyal angle (CHA) quantification
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Experimental design

Feeding assay 
SB inflation

168hpf
n=15-20 larvae/ 

condition

Posterior swim 
bladder inflation

168hpf

Craniofacial 
malformation 

(120hpf)
-alcian blue 
-CHA angle

0-4 hpf 24 hpf 48 hpf 72 hpf 96 hpf 120 hpf 7dpf

48h exposure 

Experimental conditions
• Fish media
• DMSO 0.04%
• ATRA 0.5; 1; 2; 3 μg/L
Min. 3 replica 

CHA

SB

Authorization for animal experiment: MSMT-22553/2022-4

72h exposure 

120h exposure 

Survival at 14dpfexposure >48hpf

exposure > 72hpf
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For ATRA induced malformation, 
the first 48 hours are critical for craniofacial malformation  and 

swim bladder inflation

Fish media ATRA 1ug/L ATRA 2ug/L ATRA 3ug/LFish media ATRA 1ug/L ATRA 2ug/L ATRA 3ug/L
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At 7dpf, IC50 = ATRA 1ug/L and is translated to 
survival rate of  average ~10-15 % at 14dpf
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Fish media

ATRA 2ug/L

ATRA 2ug/L + 
BMS493 5ug/L

ATRA 2ug/L + 
Diclazuril 50ug/L

Craniofacial malformation and posterior 
swim bladder non-inflation are rescued 
by RAR and TR antagonist

Experimental condition

Exposure time = 4-120hpf; 3 Replica per compounds; N=17-20

• RAR antagonist = BMS493 

• RXR antagonist = UVI3003 

• TR antagonist = Diclazuril 
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Overactivation 
Retinoic Acid 

Receptor 
(RAR/RXR)

Cranio-facial 
malformation

Uninflated 
posterior 

swim bladder

Feeding 
disruption

Reduced
Survival

Molecular initiating 
event (MIE)

organ level

Functional 
effect

Regulatory 
endpoint

organ level

Window of sensitivity=
4-48hpf

Window of sensitivity=
4-48hpf

✓ KER 

✓ KER 

✓ KER 
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Conclusion: 
AOP linking RAR/RXR overactivation to feeding disruption
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Thyroid hormone 
signaling

➢ RAR/RXR overactivation leads to craniofacial 
malformation (CFM)  and uninflated SB 

➢ Window of sensitivity : CFM = 4-48hpf; SB= 4-72hpf
➢ KER from malformation to feeding disruption until 

survival
➢ Threshold RAE (ATRA equivalent) = ATRA 1ug/L
➢ KER with Quantitative data
➢ Cross-talk thyroid hormone-retinoid signaling 

disruption



Thank you for your attention !

Email: audrey.phan@recetox.muni.cz

More about my project: https://www.recetox.muni.cz/prorisk/phd-fellows/esr-8-audrey-phan

Linkedin: https://www.linkedin.com/in/audrey-phan-0bb456105/
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