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Central spindle instability drives fragmentation in human embryos
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Abstract

Severe cell fragmentation characterizes early human development, predicting poor blastocyst formation and aneuploidy.
Despite its clinical significance in assisted reproductive technology (ART), the mitotic mechanisms triggering
fragmentation during the first zygotic division remain poorly understood. We used non-invasive live-cell imaging of
DNA, microtubules, and actin in donated human two-pronuclear (2PN) embryos to investigate whether central spindle
dynamics drive fragmentation. We demonstrate that central spindle anchoring is frequently unstable during the first
mitosis in human embryos, unlike in mouse embryos. This instability leads to a spatial misalignment between the
central spindle and the cleavage furrow. A larger misalignment distance was significantly correlated with increased
fragmentation area fractions. Furthermore, embryos exhibiting severe fragmentation showed a marked delay in the
transition from the central spindle to the midbody (compaction) and a greater total displacement of the central spindle.
Live-cell imaging and immunofluorescence revealed that this instability is associated with the formation of multiple
ectopic contractile actin rings and the mislocalization of RhoA, the upstream regulator of cytokinesis, which failed to
confine to the equatorial cortex. Notably, these cytokinetic defects were predominantly confined to the first mitosis;
by the second mitosis, central spindle stability improved, a single contractile ring was formed, and fragmentation
was significantly reduced. Our findings establish that defective central spindle anchoring and subsequent signaling
dysregulation are primary drivers of fragmentation in human zygotes. This study provides fundamental insights into the
molecular vulnerabilities of the first human mitosis, offering a mechanical framework to improve embryo assessment

and IVF outcomes.



