


for the role of BMP4 in the mouse embryo, since homozygous
BMP4 mutants have severe defects in embryonic and extraem-
bryonic mesoderm, but none in trophoblast ( Winnier et al., 1995).

BMP4, alone or together with Activin, rapidly induces hESCs
to express the transcription factor BRACHYURY(BRA) and other
genes characteristic of mesendoderm, the common progenitor
of mesoderm and endoderm (Zhang et al., 2008; Yang et al.,
2008; Vallier et al., 2009). Progressive differentiation of these
cells is evident in expression of genes associated with deÞnitive
endoderm, such as SOX17 and FOXA2, or with mid/distal and
proximal mesoderm, such as TBX6 or FLK1 (Murry and Keller,
2008). Growth factors responsible for mesoderm differentiation
of hESCs are not well understood, as BMP does not appear to
be the sole driver of mesoderm (Vallier et al., 2009). Fibroblast
growth factor (FGF) in particular has been used to promote
mesoderm speciÞcation and proliferation (Yang et al., 2008;
Yook et al., 2011). Understanding which growth factors distin-
guish between mesoderm, endoderm, and trophoblast differ-
entiation of hESCs is key to their ultimate use for cell-based
therapies and disease modeling.







Figure 2. Distinct BRA high /CDX2 + and BRA low /SOX17+ Populations Emerge from FLyA and FLyB Treatments
(A) Flow cytometry histograms of hESCs grown as indicated. Circles represent subpopulations of BRA high and BRAlow cells, which colocalize with CDX2 or
SOX17, respectively.



of both mesoderm-associated and trophoblast-associated
gene sets.

Characteristics of BMP-Treated hESCs Distinguish
Them from Placental Trophoblast
To resolve the identity of these cells, we examined BMP-treated
hESCs further. We focused on well-characterized epigenetic
properties of trophoblast cells, namely on the epigenetic status
of their ELF5 promoter (Ng et al., 2008; Hemberger et al., 2010)
and on the characteristic repertoire of human leukocyte antigen

(HLA) class I molecules expressed by human trophoblast cells
in vivo (Apps et al., 2009).

In the mouse and human trophoblast lineages, ELF5 is hypo-
methylated (z9%) and highly expressed, but it is hypermethy-
lated and silenced in mEpiSCs and hESCs (Ng et al., 2008; Hem-
berger et al., 2010). In the absence of FGF, BMP-treated cells
expressed some ELF5, albeit at low levels (with a cycle threshold
[CT] of 32), and ELF5-positive cells comprised only a small
fraction of cells (Figure 4A). Consistent with this, the ELF5
promoter was highly methylated in BMP-treated hESCs and
the critical CpG dinucleotides surrounding the transcriptional



start site (Hemberger et al., 2010) were hypermethylated in all
samples. Slightly lower methylation was seen with BMP + Sb
treatment (Figure 4B); this correlated with slightly raised ELF5
transcript levels, which were still much lower than in placental
trophoblast (Hemberger et al., 2010). Nevertheless, the majority
of CpGs remained methylated across the ELF5



marker of villous cytotrophoblast; Tavare« and Holmes, 1989),
and for 1B10-antigen (a marker of villous syncytiotrophoblast;
Figure 4D) (Figure 4E). There was no detectable expression of
EGFR in the various BMP-treated cultures (data not shown).
However, the vast majority (80%Ð90%) of the BMP-treated
hESCs expressed the 1B10-antigen, which is also typically ex-
pressed in adult Þbroblast tissues of mesodermal origin (Singer
et al., 1989). The 1B10 antigen was almost exclusively detected
in cells coexpressing HLA class I molecules as detected by
W6/32 (Figure 4E). Thus, these data exclude the possibility that
an authentic trophoblast population emerges after BMP treat-
ment of hESCs, even in the conditions most favorable to the
appearance of such a phenotype.

Cells Expressing HCGa, GCM1, and KRT7 Represent
a Subpopulation of Mesoderm Cells
As BMP-induced cells do not fulÞll essential criteria of the
trophoblast lineage, it is important to establish their correct
lineage identity. All in vivo placental trophoblast subpopulations
express KRT7, so we used it as a marker for trophoblast-like
cells that resulted from BMP treatment of hESCs. Neither H9
nor HuES9 hESC lines expressed KRT7 when grown in CDM
supplemented with Activin + FGF, which maintain pluripotency
in chemically deÞ7



Figure 5. Cells Expressing HCGa, GCM1, and KRT7 Represent a Subpopulation of Mesoderm Cells
(A) qPCR analysis of KRT7+ and KRT7� cells sorted from hESCs grown as indicated.
(B) Representative ßuorescent images of hESCs grown as indicated. Samples were immunostained for KRT7, ISL1, and the nuclear marker DAPI.
(C) Flow cytometry histograms showing FLK1 (upper panels), VCAM-1 (lower panels), and KRT7 coexpression in hESCs grown as indicated.
(D) qPCR analysis of mouse late epiblast explants grown in pluripotency (A, ActivinA, 10 ng/ml; F, FGF2, 20 ng/ml) or differentiation conditions as indicated.
*p % 0.05; +p % 0.01; t test.
(Ei) Representative ßuorescent image of human placental mesenchyme plated for a week in serum-containing medium. Samples were immunostained for KRT7
and with DAPI.
(Eii) qPCR analysis of human placental mesenchyme before plating cells to generate outgrowths.
(F) Representative light and ßuorescent images of hESCs differentiated as indicated. White arrowheads point to multinucleated cells.
(G) Flow cytometry histograms showing KRT7 expression, class 1 HLA epitopes (W6/32 antibody), class I A and B HLA epitopes (Tu155 antibody), and the epitope
detected by 1B10-Þbroblast (1B10-Fib) in hESCs grown as indicated. See also Figure S5.
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