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Early placentaTon is a crucial period in fetal development. AbnormaliTes in the formaTon of 
the placenta underly major pregnancy complicaTons. The differenTaTon of the 
trophectoderm into the different trophoblast lineages is criTcal for the remodeling of the 
maternal spiral arteries and the establishment of placental blood supply and to generate the 
syncyTal surface which is essenTal for gaseous and nutrient exchange between the mother 
and the fetus.  
Studying the early differenTaTon events in-vivo is difficult and mouse trophoblast stem (TS) 
cells are one useful in-vitro model to achieve this goal. Here we used single cell RNA 
sequencing analysis of differenTaTng mouse trophoblast stem cells to uncover the gene 
expression paferns that define the entry into the trophoblast lineages. We induced mouse 
trophoblast stem cell differenTaTon by using a Mitogen-acTvated protein kinase kinase 
inhibitor (PD0325901) or by withdrawing condiToned medium and sampled cells at 0h, 1h, 
4h, 24h, 36h and 48h (n=3-4). We fabricated polydimethylsiloxane microfluidic devices and 
encapsulated single cells with barcoded beads in microdroplets to construct single cell 
transcriptomic Drop-seq libraries. Our dataset comprised a total of 136,291 cells with an 
average of 1,740 reads and 1,059 genes per cell.  
We explored the heterogeneity of mouse trophoblast stem cells before differenTaTon 
through clustering with Seurat. We idenTfied a sub-populaTon of mouse TS cells with a gene 
expression profile similar to differenTaTng cells suggesTng they were primed for 
differenTaTon. DifferenTal gene expression analysis idenTfied NELL2 InteracTng Cell 



Ontogeny Regulator 1 (Nicol1) as a potenTal marker for the predominant non-primed stem 
cell populaTon. 
Further bioinformaTc analysis of the full Tmecourse in Seurat idenTfied candidate clusters 
for the juncTonal zone and placental labyrinth progenitor cells. Gene regulatory network 
analysis in SCENIC revealed that the labyrinth progenitor cell cluster, characterized by 
acTvity of the glial cells missing transcripTon factor 1 (Gcm1) regulon, also exhibited 
increased acTvity of the PHD Finger Protein 8 (Phf8) and E2F TranscripTon Factor 8 (E2f8) 
regulons. PseudoTme analysis in Monocle and marker gene expression revealed that the 
juncTonal zone and syncyTotrophoblast layer I lineage precursor cells iniTally shared a 
similar differenTaTon trajectory, while the syncyTotrophoblast layer II lineage was already 
transcripTonally disTnct by 48h.  
PseudoTme analysis showed that the Coxsackievirus and adenovirus receptor (Cxadr) 
transcript is retained in the syncyTotrophoblast layer I and juncTonal zone trajectory but is 
not expressed in the early syncyTotrophoblast layer II progenitors. Immunofluorescent 
staining of mouse trophoblast stem cells revealed that loss of CXADR preceded 
syncyTalisaTon. We then determined the effect of CRISPR-Cas9 mediated knockout of Cxadr 
in TS cells. Upon differenTaTon this lead to increased cell fusion but with upregulaTon of 
syncyTotrophoblast layer I markers and reducTon of syncyTotrophoblast layer II markers as 
measured by RT-qPCR. This suggests that this gap juncTon protein is involved in maintaining 
the correct balance between the two layers of syncyTotrophoblast in the mouse labyrinth by 
slowing or suppressing the syncyTotrophoblast layer I differenTaTon.  
Correct trophoblast differenTaTon is essenTal to the establishment of the placental 
exchange interface.  These findings enhance our understanding of the early events during 
mouse trophoblast differenTaTon and if a similar mechanism is present in human 
trophoblast this may effect human pregnancy outcome. 
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