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            Abstract
At the time of implantation in the maternal uterus, the mouse blastocyst possesses an inner cell mass comprising two lineages: epiblast (Epi) and primitive endoderm (PrE). Representative stem cells derived from these two cell lineages can be expanded and maintained indefinitely in vitro as either embryonic stem (ES) or XEN cells, respectively. Here we describe protocols that can be used to establish XEN cell lines. These include the establishment of XEN cells from blastocyst-stage embryos in either standard embryonic or trophoblast stem (TS) cell culture conditions. We also describe protocols for establishing XEN cells directly from ES cells by either retinoic acid and activin-based conversion or by overexpression of the GATA transcription factor Gata6. XEN cells are a useful model of PrE cells, with which they share gene expression, differentiation potential and lineage restriction. The robust protocols for deriving XEN cells described here can be completed within 2â€“3 weeks.
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                    Figure 1: Overview of early embryonic development.[image: ]


Figure 2: Stem cell types that can be derived and propagated in culture representing the three blastocyst lineages.[image: ]


Figure 3: Recovery of blastocyst-stage embryos from uteri of adult female mice.[image: ]


Figure 4: Timeline for XEN cell derivation from mouse blastocysts.[image: ]


Figure 5: Timeline for cXEN cell derivation from mouse ES cells.[image: ]
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Supplementary Figure 1
Molecular characteristics of XEN cell lines. Immunofluorescence analysis of mouse ES cells (mESCs), embryo-derived XEN cells, cXEN cells and iXEN cells generated by  Gata6 - overexpression (OE) in mESCs after 6 days. Cell lines were analyzed for the expression of Oct4 (sc-5279, Santa Cruz Biotech, 1:500), Dab2 (SC-13982, Santa Cruz Biotech, 1:500), Gata4 (SC-9053, Santa Cruz Biotech, 1:500) or Sox7 (MAB2766, R&D, 1:500) (red) with DAPI (blue) merge using the method described in reference 14. Scale bars: 100 Î¼m. (PDF 431 kb)
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