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Metastable primordial germ cell-like state induced from mouse embryonic

stem cells by Akt activation under mesoderm induction
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Specification to primordial germ cells (PGCs) is initially mediated by mesoderm-induction signals

during gastrulation. However, PGCs avoid the further differentiation into mesoderm and one of the
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important events for the development of PGCs is the repression of mesoderm related genes. Although the
developmental potency of PGCs is restricted to the germ lineage in normal development, PGCs can easily
dedifferentiate into cells with broader differentiation potential in the presence of a few growth factors.
Phosphoinositide-3 kinase and its downstream kinase Akt maintain pluripotency of embryonic stem
cells (ESCs), and promote dedifferentiation of PGCs in vitro and formation of testicular teratoma in vivo.
I investigated the effects of Akt activation on mesoderm induction using an in vitro differentiation
induction method for murine ESCs on OP9 stromal cells. I found that Akt activation during in vitro
mesodermal differentiation of ESCs generated self-renewing spheres with differentiation states between
those of ESCs and PGCs. The spheres could be expanded for many generations when cultured on the OP9
layer with continuous Akt activation. Essential regulators for PGC specification and their downstream
germ cell-specific genes were expressed in the spheres, indicating that the sphere cells had commenced
differentiation to the germ lineage. However, the sphere cells did not proceed to spermatogenesis after
transplantation into the germ cell lacking testes. Sphere cell transfer to the original feeder-free ESC
cultures resulted in chaotic differentiation. Although the addition of 4OHT enhanced cell survival after
transfer, differentiation was inevitable and the ESC-like cells never emerged from the spheres during
long-term observation. In contrast, when the sphere cells were cultured on mouse embryonic fibroblasts,
reversion to the ESC-like state was observed. The ESC-like cells could be expanded under the feeder-free
ESC culture condition, unlike the sphere cells. The ESC-like cells also appeared from the sphere cells in
feeder-free cultures with ERK-cascade and GSK3 inhibitors. These results indicate that Akt signaling

promotes a novel metastable and pluripotent state that is intermediate to those of ESCs and PGCs.
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