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Too much invasion https://www.nejm.org/doi/full/10.1056/NEJMcp1709324



Motivation for studying trophoblasts (TBs)
• Large role in placental disorders

– Preeclampsia (low invasion)
– Abnormally invasive placenta 

(high invasion)
– Intrauterine growth restriction

19



Motivation for studying TBs
Deaths per 100,000 live 
births

Global, regional, and national levels of maternal mortality, 1990-2015. Lancet (2016)

• High maternal death rates
– USA has rising maternal death rate
– 16% Preeclampsia 
– 17% Hemorrhage 

• 70% of conceptions are lost
– 30% implantation failure
– 30% early pregnancy loss
– 10% miscarriage
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Maternal Death Rate
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Questions?



Human TB model

Adapted from Nephron / CC BY-SA-3.0

• Limited research
– human samples scarce
– ethical restrictions

• Choriocarcinoma-derived TBs
– similar TB functions

 syncytialization and invasion
– vast differences from primary samples

 transcriptome differences
 lack of multipotency

• Past isolated 1st trimester placenta samples 
underwent rapid differentiation

Trophoblastic choriocarcinoma 

Healthy Trophoblasts 
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Serum factors linked to YAP signaling
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• YAP essential for TB formation in human and mouse 
early development

• YAP activation downstream of lipid factors
– Spingosine-1-phosphate (S1P)
– Lysophosphatidic acid(LPA)

• LPA caused cell death upon treatment
• S1P allow TB differentiation

• Utilize S1P to develop a serum-free 
defined medium for differentiation of TBs 
from hESCs

S1P
LPA

Modified from Park et al. Trends in Pharmacological Sciences 2016.



A chemically defined medium with S1P
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Mischler et al. (2019); https://doi.org/10.1101/762542
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Formation of TB acts through receptor mediated S1P signaling
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• S1P can initiate cellular response through:
– receptor mediated signaling

• S1P Receptors 1-5

– internalization and ceramide pathway
• D-erythro-dihydrospingosine-1-phosphate 

(dhS1P)
– does not internalize
– receptor mediated only

Modified from Johnstone et al J. Lipid Res. 2006







Agonists of S1P1-3 all form hESC-derived TBs
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• All agonists differentiate to all CTB-like cells
– CYM5541 (S1P3) gives strongest CDX2 expression
– P63 expression nuclear/cytoplasmic



















Transcriptome comparison
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Transcriptome comparison
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Other published studies since 2019
• Shahbazi et al. (2020; doi:10.1038/s41467-020-17764-7)

– Replicated our method to generate a knockout trophoblast stem cell from 
hESCs

• Dong et al. (2020; doi:10.7554/elife.52504) and Cinkornpumin et al. (2020; 
10.1016/j.stemcr.2020.06.003) 
– Showed CDX2- trophoblast stem cells can be derived from pluripotent stem 

cells
– Naïve vs primed embryonic stem cells
– CDX2+ cells have not been maintained
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