
Human blastocysts have the ability to self-organize in vitro and recapitulate some key events of in 

vivo development during the implantation window. We performed single cell RNA-seq on trophoblast 

cells collected on embryonic days (D) 8, 10 and 12 during extended embryo culture and found that 

the cytotrophoblast (CTB) underwent dynamic changes in development, from concentrating on cell 

proliferation on D8, to primitive syncytium formation and hormone production on D10, and finally, 

focusing on migratory trophoblast formation and invasion on D12. These results suggests a tight 

regulating of cell proliferation and metabolism as embryo prioritize important cellular events for 

implantation. Further characterization of these key cellular processes during this time period are 

critical to understand the human peri-implantation embryo development and designing therapeutic 

strategy for early pregnancy failure in human.

Temporal regulation of cell proliferation and metabolism in Peri-implantation stages (D8, D10, D12) of  

human embryos are critical to prioritize important cellular events for implantation.
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OBJECTIVES

Analysis of cellular functions and molecular pathways using single cell RNA-seq on trophoblast 

collected on embryonic D8, D10 and D12.

Characterization of cell proliferation and metabolic pathways activity in human outgrowth embryos 

on D8, D10 and D12.

INTRODUCTION

CONCLUSIONS 

HYPOTHESIS

Fig. 4: Temporal regulation of AKT, 

mTOR and MAPK1/3 expression 

and its signaling activity during 

human peri-implantation embryo 

development. Abundance of 

phosphorylated (p) and total 

proteins on d8, d10 and d12 of 

human outgrowth embryos. Bar 

represents mean ± SEM for 3 

replicate experiments. A,B p<0.05
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Fig.3: Time course of total cell numbers via DAPI

quantification. Confocal data sets for each embryo were

scored for total cell numbers in Imaris.

Fig. 2: (A) Principal component analysis of trophoblast cells clustered by cell type and developmental

stages, suggesting CTB cells are considerably more dynamic than STB in different developmental

stages. (B) Number of differentially expressed genes in CTB from different developmental stages. (C)

The number of cells in each cell type collected at different developmental stages. (D) Gene ontology and

pathway analysis of D8, D10, and D12 CTB.

METHODS (Experiment 1)

Fig.1 Workflow for culturing human embryos and isolating cytotrophoblast (CTB), syncytiotrophoblast (STB)

and migratory trophoblast (MTB) for single cell RNA-sequencing

RESULTS (Experiment 1)

METHODS (Experiment 2)

RESULTS  (Experiment 2)

Transcriptomic analysis of CTB showed considerable changes between D8 and D12, possibly reflecting the developmental plasticity of the CTB and had highly specialized functions in each stage to prepare embryos for 

successful implantation.

The CTB is highly proliferative at D8, switching its emphasis to syncytialization, protein processing, and steroidogenesis at D10, then, at D12, demonstrated highly invasive phenotype to assist embryo implantation.

 GO analysis revealed that stage specific cellular function of human embryos are likely mediated through temporal regulation of cell proliferation and  metabolic pathways during peri-implantation period.

Extended cultured of human embryos and single cell isolation for RNA sequencing
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