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There are two pluripotent states: naive and primed. Naive mouse embryonic stem cells
(mESCs) which derived from inner cell mass at E4.5 can be maintained in leukemia inhibitory
factor (LIF) and two inhibitors (21) of the MEK and GSK3 pathways. Primed mouse epiblast stem
cells (mEpiSCs) which derived from post-implantation epiblast at E6.5 can be maintained in
fibroblast growth factor-2 (FGF2) and Activin A. They show quite distinct characteristics in colony
morphology, gene expression, specific protein distribution, and the most evidently that naive
mESCs can contribute to chimera formation and germline transmission after the blastocyst injection
but primed mEpiSCs cannot. Two ways in general were known to revert primed mEpiSCs to naive
state. One is induction with specific naive genes, such as Kif4, Kif2, Nanog, Prdm14 and Gbx2.
The other is small molecule treatment, such as parnate, inhibitors of ALK4/5/7, MEK, FGFR,
GSK3, and/or casein kinase 1 alpha. However, which signal is the most critical for revert primed
to naive pluripotency is still unclear. Although adenosine monophosphate (AMP)-activated protein
kinase activators have been reported to maintain naive mESCs, whether AMPK activation can
revert primed mEpiSCs to naive state remains unknown.

In this study, three AMPK activators, AICAR (5-aminoimidazole-4-carboxamideribo-
nucleotide), A769662, and metformin were shown to revert mEpiSCs to naive state. When primed
mEpiSCs were cultured with serum (not for naive nor primed cell culture), addition of AMPK
activator alone induced appearance of naive-like cells. Those cells were maintained and grown in
naive cell culture condition (2iL) and expressed naive pluripotent makers with naive-specific
protein distribution. Global gene expression analysis with RNA-seq using 34,489 genes revealed
that reverted cells (after expansion in the naive cell culture condition) were clustered in cell
populations close to naive mESCs. Reverted cells contributed to chimera formation and germline
transmission. All these results suffice most of the naive criteria. Combination with LIF enhanced
the AMPK activator-elicited reversion efficiency, reaching 100% success rate in AICAR with LIF
condition.

p38 has been previously demonstrated to be functional downstream of the AMPK pathway in
maintaining naive mESCs. In this study, inhibition of p38 blocked the reversion process induced
by AMPK activation. A p38 gain-of-function experiment with an inducible expression of a
constitutively active form of p38 showed that activation of p38 successfully reverted mEpiSCs to
the naive state though the reversion efficiency was lower than that of AMPK activators, suggesting

that p38 was critical downstream of the AMPK pathway in the naive reversion process.

Single cell RNA-seq was performed to track the reversion process. After the AICAR with LIF
treatment, primed mEpiSCs once lost Oct4 expression (day 8), but a new Oct4-positive cluster
appeared on day 16. After being maintained and expanded in 2iL, a distinct Oct4-positive cluster
appeared closer to naive mESCs. Dppa5 and Dazl were found to be highly expressed in the Oct4-
positive cluster on day 8. The addition of AICAR and/or LIF to mEpiSCs increased DppaSa and
Dazl mRNA expressions and which were blocked by p38 inhibitors, suggesting that Dppa5 and
Dazl should be potent candidates for downstream of AMPK and p38 in the reversion process.

Collectively, this study provides valuable insights into the molecular machinery regulating
naive and primed pluripotency and thus contributes broadly to developmental biology and

regenerative medicine including rejuvenation.
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