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Reprogramming of differentiated cells as well as differentiation of stem cells typically occur in a stochastic
manner. Rather than every cell| adopting identical fates in response to developmental cues, only a fraction of a
given cell population follows any particular cell fate. It has been suggested that variability of epigenetic
modifications in each cell in a population gives rise to this stochastic response upon differentiation or
reprogramming. However, the manner inwhich epigeneticmodifications and higher-order chromatin organization affect
gene expression and thus cell fate in human iPS and ES cel Is upon induction of differentiation is poor |y understood.
While biochemical approaches such as ChIP-Seq using histone modification antibodies provide high genomic resolution,
they fail to distinguish variation between cells, nor do they reveal any aspects of subnuclear organization of
chromatin carrying epigenetic modifications. We decided to approach the question of epigenetic control of cell
fate using three-dimensional imaging, which can potentially circumvent these limitations. To this end, we applied
high-resolution fluorescence microscopy, including the superresolution technique of 3-Dimensional Structured
[llumination Microscopy (3D-SIM) to human iPS and ES cells, and assessed the spatial distributions of 9 important
histone modifications before, during and after differentiation into various cell lineages. We found that
immunof luorescence signals of acetylated histone H2A.Z (H2A.Zac), a highly conserved variant histone protein

transiently localize to the nuclear periphery immediately after human ES cells are induced to differentiate along
either the trophoblast stem cells or mesoderm pathways. This relocation to the nuclear periphery is lost once
differentiation progresses past the first 24 hours. Previous studies have shown that H2A.Z is localized to both
transcriptionally active and repressive chromatin, whereas H2A. Zac is associated with only transcriptionally active
chromatin. Since the nuclear periphery is a generally transcriptionally repressive sub—compartment in the nucleus

incorporation of H2A. Zac into chromatin at the nuclear periphery could potentially alter gene expression through
induced changes in higher order chromatin organization. Our observation raised the possibility that H2A.Zac is
part of a mechanism to activate previously transcriptionally silenced genes at the nuclear periphery upon induction
of differentiation. Currently we are testing this hypothesis by preventing the acetylation of H2A.Z and assessing
the outcome of this change on correct differentiation




