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This research focuses on developing a novel human embryo implantation organoid model to address
implantation failures in infertility treatments. Utilizing 3D culture techniques and pluripotent stem cells, we
have successfully engineered a new human endometrial model and an embryo-uterine lining assembloid that
replicates human embryo implantation in vitro. These advancements offer a critical tool for further exploration
and potential resolution of implantation issues. The findings have been published in Science Advances in 2024.

(1) Creation of a New Endometrial Organoid Model

We developed a novel endometrial organoid model (EMO) mimic in vivo endometrial tissue. We named this
model Apical-Out EMO (AO-EMO) due to its structural mimicry of the human endometrium. Further analyses
differentiated surface from internal cells and showed increased expression of WNT7A, similar to natural
conditions. This model successfully represents the dynamics and spatial arrangement of endometrial tissue,
providing insights into epithelial cell behavior.

(2) Hormonal Responsiveness of AO-EMO

AO-EMO exhibited significant thickening of the endometrial glands, typical of the secretory phase, and an
increase in the expression of progesterone receptors (PGR) among other markers. Furthermore, the secretion of
PAEP (glycodelin), a protein specific to the secretory phase, was higher in AO-EMO compared to traditional
Matrigel cultures. These findings suggest that the hormone-induced maturation of AO-EMO is more advanced
than that of EMOs cultured in traditional Matrigel. Additionally, collagen culturing revealed gene expression
patterns associated with endometrial tissue repair under hypoxic conditions.

(3) Creation of a Composite Endometrial Model

Endometrial tissue comprises epithelial cells, stromal cells, and vascular endothelial cells. By mixing stromal
cells and HUVEC: in a collagen-based gel, we successfully developed a composite human endometrial model
that mimics the spatial arrangement and cellular composition of in vivo endometrial tissue. Single-cell
transcriptome analysis was conducted to comprehensively evaluate gene expression, confirming similarities to
in vivo conditions. This achievement marks a global first in the development of an endometrial model that
replicates both cellular composition and spatial configuration.

(4) Embryo-Endometrial Assembloid Model Mimicking Human Embryo Implantation

We co-cultured blastoids with our composite endometrial model to study their interactions. The blastoids
adhered to the EMO from the ICM side and flattened into the model. This adhesion disrupted the endometrial
epithelium, and beneath the ICM-like cells, syncytiotrophoblast-like cells were observed infiltrating the
endometrial model. These syncytiotrophoblast-like cells, forming large nuclei, contacted the underlying stromal
cells, resembling the primitive syncytiotium at the embryo-endometrial interface after implantation in humans.

We then used this 3D implantation model to explore factors affecting blastoid adhesion. It was evident that the
presence of endometrial epithelial and stromal cells significantly influenced the implantation rate. Without
endometrial epithelial cells, all blastoids adhered; absence of stromal cells significantly decreased adhesion rates.
Furthermore, studies on the orientation of blastoid adhesion revealed that without epithelial cells, the direction
of blastoid adhesion was random. These results suggest that endometrial epithelial cells act as a barrier to embryo
implantation while controlling the correct orientation (apposition) of normal embryo adhesion.

We have developed an embryo-endometrial assembloid model using blastoids as alternatives to human embryos
and a uterine model, facilitating the study of human embryo implantation, a process previously hindered by
ethical and technical challenges. This model enables 3D visualization of the interface between the embryo and
the endometrium, allowing for the observation of the fusion between embryonic and endometrial cells at the
early stages of human embryonic development.



