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Tead4 is constitutively nuclear, while
nuclear vs. cytoplasmic Yap
distribution is regulated in
preimplantation mouse embryos

Home et al. (1) propose a provocative model of cell fate speci-
fication in preimplantation embryos, in which regulated nuclear
localization of Tead4 controls trophectoderm vs. inner cell
mass (ICM) formation, whereas its coactivator protein, Yap, is
present in all nuclei. This model is inconsistent with our model in
which position-dependent Hippo/Lats signaling regulates nuclear
versus cytoplasmic Yap distribution whereas Tead4 is constitu-
tively nuclear (2). Our model is consistent with the canonical
Hippo signaling pathways conserved from flies to mammals (3).

Because both models are highly dependent on the antibodies
used for Tead4 and Yap, we repeated the immunostaining ex-
periments involving preimplantation embryos with the antibodies
used by Home et al. (1).
We first examined Tead4 protein distribution in preimplan-

tation embryos using the anti-Tead4 antibody described in the
study of Home et al. (1) (ab58310; Abcam). Tead4 signals were
detected in the nuclei of all blastomeres, including the inner
cells of 16- and 32-cell–stage embryos (Fig. 1 A–C). Position-
dependent differences in signal intensities gradually became
evident from the 32-cell stage onward (Fig. 1 B and C), leading
to clear differences in the ICM and trophectoderm of late
blastocysts (Fig. 1D). Despite very weak signals in the ICM, the
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Fig. 1. Distribution of Tead4 proteins in preimplantation mouse embryos.
Confocal images of WT embryos stained with anti-Tead4 (ab58310; Abcam;
A–E), anti-Yap1 (5) (A′–E′), Hoechst (A′′–E′′), and anti–E-cadherin (A′′′–E′′′)
antibodies. d and d′′: Enlarged images of boxed areas of D and D′′. Confocal
images of a single z-section are shown for each panel. Similar results were
obtained with the following numbers of embryos analyzed for each stage:
8-cell, n = 2; 16-cell, n = 5; 32-cell, n = 6; embryonic day (E) 4.5 Tead4+/+, n = 5;
and embryonic day 4.5 Tead4−/−, n = 5.
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Fig. 2. Comparison of signal distributions with different anti-Yap antibodies.
Confocal images of WT (A–G) and Yap mutant embryos (H–L) stained with
anti-Yap1 (H00010413-M01; Abnova; A, A′, B, and B′), anti-Yap (no. 4912;
Cell Signaling Technology; C and H), anti-Tead4 (ab58310; Abcam; D and I),
Hoechst (A′, B′, E, and J), and anti–E-cadherin (A′, B′, F, and K) antibodies.
Inner cells are outlined with thin broken lines. A′ and B′: Merged images of
anti-Yap staining of A and B with Hoechst (blue) and anti–E-cadherin (pur-
ple) staining. C′, D′, H′, and I′: Enlarged images of boxed areas of C, D, H,
and I, respectively. G and L: Merged images of C′ and D′ and of H′ and I′,
respectively. Confocal images of a single z-section are shown for each panel.
Numbers in A, B, C, and H indicate the nuclear numbers in the embryos.
Similar results were obtained with the following numbers of embryos for
anti-Yap (no. 4912; Cell Signaling Technology): Yap+/+, n = 3; and Yap−/−, n = 2.
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Tead4 signals remained localized in the nuclei (Fig. 1 D and d).
In Tead4 mutant embryos (4), nuclear signals disappeared,
whereas weak cytoplasmic signals remained (Fig. 1E), demon-
strating the authenticity of the nuclear signals. Thus, the results
indicated that Tead4 proteins are present in the nuclei of all
blastomeres throughout preimplantation development (Fig. 1),
consistent with the model reported by Nishioka et al. (2) but
differing from the results of Home et al. (1).
We next examined the distribution of Yap proteins.

Reproducing our previous finding, position-dependent differ-
ential subcellular distribution of Yap was observed with the
anti-Yap1 polyclonal antibody (no. 1) (5) (Fig. 1 A′–D′) and
another monoclonal antibody from Abnova (H00010413-M01;
Fig. 2 A and B). In the outer cells, strong Yap signals
colocalized in the nuclei with the Tead4 and DNA signals (Fig.
1 A′–D′). The Yap signal was absent in the DNA-negative
area, that is, the nucleoli, and in the nuclei of inner cells
(Fig. 1 B′–D′).
Finally, we performed immunostaining with the anti-Yap an-

tibody (no. 4912; Cell Signaling Technology) used in the study
by Home et al. (1). This antibody produced signals in all nuclei
(Fig. 2C). Unlike the signals obtained with the other anti-Yap
antibodies, this antibody gave strong signals in the nucleoli,
which did not overlap with those for Tead4 (Fig. 2 C′, D′, and
G), and the nucleolus signal was present in all nuclei. In the
outer cells, signals were present throughout the nuclei, and
chromatin signals overlapped with Tead4 (Fig. 2C). In the inner

cells, signals were observed only in the nucleoli (Fig. 2C). In
Yap−/− embryos, the signals overlapping with those for DNA and
Tead4 were absent, and the nucleolus signals were unaffected
(Fig. 2 H–J and L). Thus, the nucleolus signals present in all
blastomeres are most likely unrelated to the Yap protein. In
conclusion, all the results presented here are consistent with our
Hippo signal model.
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