Role of MLL1‑mediated H3K4me3 in trophoblast syncytialization and placental development
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Abstract Content：

Abnormal placental development is a significant factor contributing to perinatal morbidity and mortality, impacting around 5–7% of pregnant women. The process of trophoblast syncytialization plays a pivotal role in the establishment and maturation of the placenta, and its dysregulation is closely associated with several pregnancy-related disorders, including preeclampsia and intrauterine growth restriction. Nevertheless, the underlying mechanisms and genetic determinants of syncytialization are largely unknown. Epigenetic modifications have been shown to play critical roles in modulating the expression of developmental genes during early embryonic development, decidualization, and embryo implantation in mammals. The impressive clinical benefits of drugs targeting specific epigenetic mechanisms has led to a number of epigenetic-related inhibitors or activators entering clinical use or being at various stages of development. Thus, identifying epigenetic targets that are vital for trophoblast syncytialization and placental growth might have translational potential for clinical application.

In the current study, we conducted a systematic drug screen using an epigenetic compound library to systematically identify the epigenetic mechanism essential for syncytialization. Based on a STRING analysis, we identified mixed lineage leukemia 1 (MLL1), a histone 3 lysine 4 methyltransferase, as a crucial regulator of trophoblast syncytialization. In human trophoblast cell line, genetic knockdown of MLL1 or pharmacological inhibition of the MLL1 methyltransferase complex markedly enhanced syncytialization, while overexpression of MLL1 inhibited forskolin-induced syncytiotrophoblasts formation. In human placental villous tissue, MLL1 was predominantly localized in the nuclei of cytotrophoblasts at early gestation. Moreover, as compared to the control group, inadequate syncytialization was observed in the villus tissue of patients with preeclampsia, accompanied by a notable upregulation of MLL1 expression. According to RNA sequencing and CUT&Tag analyses, depletion of MLL1 inhibited the Hippo signaling pathway by suppressing TEAD4 expression. MLL1-H3K4me3 could bind to TEAD4 promoter region and lead to the activation of TEAD4 transcription. Rescue experiments showed that TEAD4 overexpression significantly reversed the forskolin-induced or si-MLL1-mediated trophoblast syncytialization.

In conclusion, we characterized MLL1-H3K4me3 playing a vital role in syncytialization progression via regulating the transcription of TEAD4. These findings emphasize the diagnostic and therapeutic possibilities in targeting MLL1 for syncytialization-associated diseases and uncovers a direct correlation between the epigenetic modulation of histone modification and placental growth.
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