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DNA hypomethylation: capturing the preimplantation epigenome or shaped by culture
conditions?
An important, outstanding challenge is to evaluate whether naive hESCs are a distinct and stable state, or whether
they are a response to the strong signaling conditions that are used to maintain naive hESCs in culture. For
example, the addition of a MEK1/2 inhibitor (a universal component of naive embryonic stem cell [ESC]
media) to conventional mouse and human ESCs leads to a rapid, global loss of DNA methylation through the
downregulation of UHRF1 and DNA methyltransferases [16]. This occurs independently of an initial cell-state
change. These observations lead to the question of whether the hypomethylated epigenome reflects the biology
of the preimplantation human embryo and is an informative readout of the naive state, or alternatively, is it a
direct effect of MEK1/2 inhibition that simply mimics our expectations? Comparing the methylomes between
naive hESCs and human embryos reveals similar levels of low, global DNA methylation [11,13,17]. However, a
closer examination of methylation levels at CpG sites between naive hESCs and human embryos showed that the
methylomes are actually quite different; naive hESCs have fairly uniform and low levels across the genome, whereas
the embryo retains regions with higher levels of DNA methylation [17]. Although an important first step, one caveat
here is that this comparison used data from whole embryos, of which the pluripotent epiblast cells are a relative
minority compared with the extraembryonic cells. Additional embryo methylation datasets, preferably from single
cells of defined lineage, are required for a more detailed comparison.

The naive hESC methylation profiles fit with a model in which the DNA methylation machinery is continually
suppressed. It is important to remember that epiblast cells in the embryo are only transient, and if epiblast
cells were maintained with inhibited DNA methylation activity then they too would probably display uniformly
low levels of methylation across the genome. There are important implications of this however, for example, the
methylation marks at imprinted gene control regions are erased in naive hESCs [13,17]. This contrasts with the human
preimplantation embryo where methylated imprints are intact, despite the strong demethylating environment [18].
Indeed, initial experiments suggest that imprints are relatively resistant to demethylation compared with other
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