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Socio-economic and scientific context (approximately 10 lines):  
The induction of asymmetry during embryonic development is crucial for the proper formation of body axes. In mammals, the anterior-
posterior axis is the first to form and is determined by the site of gastrulation induction. The anterior visceral endoderm (AVE), derived 
from the primitive endoderm (PrE) of extra-embryonic tissues, exhibits asymmetry before gastrulation and acts as a tissue organizer 
that controls the induction of the anterior-posterior axis. However, ethical constraints on using human embryos for research have 
limited the understanding of the differentiation mechanism of human AVE. This research aims to elucidate the mechanisms underlying 
AVE differentiation, which is key to understanding anterior-posterior axis determination in human development. Understanding these 
mechanisms has significant implications not only for fundamental questions about the symmetry-breaking process in developmental 
biology but also for improving assisted reproductive technologies and therapeutic interventions for developmental disorders. 

Working hypothesis and aims (approximately 8 lines):  
The research project aims to uncover the mechanisms of anterior visceral endoderm (AVE) patterning to understand the symmetry-
breaking process during anterior-posterior axis formation in human embryonic development. We hypothesize that AVE fate is 
uniformly induced in primitive endoderm (PrE) cells, followed by spatial confinement to the anterior region through intrinsic self-
patterning mechanisms, as AVE is the first lineage to establish symmetry breaking along the anterior-posterior axis. The project first 
aims to decipher the differentiation mechanisms from PrE to AVE. Then, we will investigate spatial AVE patterning, focusing on cell 
fate decisions and migration regulation using stem cell-based modeling technology. 

Main milestones of the thesis (approximately 12 lines):  

1. Identify the Stage-Specific AVE Marker: Utilize publicly available single-cell RNA sequencing data from embryos to identify stage-
specific AVE markers and potential differentiation regulators. 

2. Identify Differentiation Conditions from Naive PSC to AVE: Optimize published differentiation protocols to transition naive pluripotent 
stem cells (PSCs) to primitive endoderm (PrE) and further differentiate them into AVE, utilizing the AVE markers identified in the first 
milestone. 

3. Establish AVE Local Regulation Model: Develop a model to study the local regulation of AVE patterning using micropatterning 
technology with the differentiation protocol established in the second milestone, focusing on spatial confinement and self-patterning 
mechanisms. 

4. Investigate Spatial AVE Patterning: Examine the spatial regulation of AVE patterning by investigating cell fate decisions and migration 
regulation using live-cell imaging and spatial transcriptomics. 

5. Validation of Findings in 3D Post-Implantation Development Model: Use post-implantation culture of stem cell based blastocyst model 
to validate that the mechanisms found in the 2D model play a role in the 3D context under the influence of other cell lineages. 

Scientific and technical skills required by the candidate (2 lines):  
Stem cell culture especially human naive pluripotent stem cells. 
Imaging and image analysis 
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