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In modern society, delayed marriage and declining birthrates have contributed to rising infertility and growing reliance on
assisted reproductive technologies (ART) including in vitro fertilization (IVF), intracytoplasmic sperm injection (ICSI) and
embryo transfer (ET). By 2050, 15% of couples worldwide are expected to face infertility. In Japan, one in twelve babies born
in 2021 was conceived through ART, underscoring the significance of ART. However, recurrent implantation failure (RIF)—
affecting 15-20% of ART patients despite transfer of good-quality embryos—remains a major unresolved issue due to the
lack of effective diagnostic strategies. This research aimed to develop new diagnostic approaches for RIF by addressing both
uterine and embryonic factors.

Plan 1: Development of Molecular Biomarkers for Implantation Ability Using Human Implantation-Stage Endometrial Tissue
1) Regulation of Endometrial Function by Histone Methylation

Embryo implantation involves embryo attachment to the endometrium followed by trophoblast invasion. Stromal cells
differentiate into decidual cells to support embryo invasion.
Comparing human endometrium during peri-implantation period from patients with implantation failure and pregnant controls,
we found that genes targeted by repressive histone modification H3K27me3 were upregulated in the implantation failure
group, while EZH2, the key enzyme for H3K27me3, was decreased. This suggests EZH2 and H3K27me3-related genes may
serve as biomarkers for embryo implantation. Using uterine-specific Ezh2 knockout mice, we observed severe infertility.
RNA-seq and ChIP-seq analyses showed Ezh2 suppresses cell cycle genes via H3K27me3. Histology revealed excessive
stromal proliferation and impaired decidualization, blocking embryo invasion. This study, published in Cell Death and
Diseases, reveals a novel implantation mechanism where Ezh2-dependent histone modification regulates endometrial
differentiation and embryo invasion.
2) Regulation of Implantation by Uterine-Derived Secreted Factors

RNA-seq showed decreased LIF and COX2 in implantation failure patients, and mouse models clarified their roles. Mice
lacking LIF in uterine epithelium (LIF eKO) had pregnancy rates reduced to 1/5 of controls, and complete infertility occurred
in mice lacking LIF in both epithelium and stroma (LIF uKO). Both models showed impaired embryo attachment. LIF acts
via STAT3-mediated gene activation in uterine epithelium, with minimal effect on embryos. Recombinant LIF administered
before attachment rescued embryo attachment in both models, but only LIF eKO mice showed improved litter size. This
suggests epithelial LIF is critical for attachment, while stromal LIF supports later embryo development. 3D imaging revealed
that normal uteri form an epithelial crypt structure enveloping the embryo, absent in LIF-deficient uteri; rLIF restored this in
LIF eKO but not uKO mice. This study was published in Cell Death Discovery.

We also studied COX enzymes using uterine-specific COX-2 knockout (COX-2 uKO) and COX-1/COX-2 double knockout
(DKO) mice. COX-2 uKO mice had ~25% litter size of controls; DKO mice were infertile. COX-2 uKO uteri were normal
before embryo attachment but showed defective decidualization and embryo invasion. DKO uteri had reduced prostaglandin
(PG) production, abnormal embryo positioning, and attachment failure. LC-MS/MS identified decreased PG species, and
PGE2/PGD2 supplementation restored decidualization in COX-2 uKO uteri. Published in JCI Insight.

Plan 2: Al-Based Automated Diagnosis of Chronic Endometritis (CE) Using Hysteroscopic Images

Chronic endometritis (CE), often linked to infertility, requires expert diagnosis via biopsy or hysteroscopy. We developed
an Al system for automatic CE diagnosis from hysteroscopic videos. Using 81 patient videos (50 normal, 31 CE), supervised
learning achieved 82.5% sensitivity and 77.7% specificity based on 5-second video frames. Cross-validation and ensemble
learning improved robustness despite limited data. We plan to expand the dataset and refine the system for clinical use.

Plan 3: Al-Based Embryo Quality Assessment Using Time-Lapse Imaging Integrated with Clinical Data

We developed a pregnancy prediction Al model combining time-lapse embryo images and clinical data. A model using 30
static embryo images achieved AUC 0.637; adding patient age improved AUC to 0.662 (P=0.0431). Incorporating clinical
data from implantation failure clinics (CD138 cell counts, hysteroscopy, MRI, pregnancy outcomes), we built an algorithm
considering embryo, uterine, and maternal factors. In 160 patients including cine-MRI data, the combined Al model reached
0.73 accuracy, 0.91 recall, and 0.72 AUC. We also quantified and visualized uterine peristalsis dynamics, enhancing functional

assessment.



