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Abstract
P53 is most well-known for its tumor suppressive function in differentiated cells. Its activities in embryonic stem cells
(ESCs) are, however, less well understood. For many years it was thought that p53 is not active at all in ESCs and
unable to elicit a DNA damage response in this cell type. In the last few years, it emerged that p53 may have some
functions in ESCs. Nevertheless, it remained a mystery how its activity is controlled in ESCs. A recent report
demonstrates that p53 activity is regulated by a novel RNA-containing negative feedback loop that promotes
apoptosis specifically in ESCs. This study not only demonstrates unequivocally that p53 is active in ESCs, it further
illustrates a novel mechanism of gene regulation–by protein coding RNAs.
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Text
Embryonic stem cells (ESCs) are pluripotent and can
differentiate into many cell types. To avoid passing mutations to daughter cells, ESCs have great need to maintain their genome integrity. The tumor suppressor p53
plays proverbial roles in regulating the genomic integrity
of ESCs. Several studies have established that p53 induces ESC differentiation in response to DNA damage
[1, 2]. However, whether p53 promotes ESC apoptosis
has not been widely studied since an early report suggested that p53 is inactive in ESCs [3]. Recent studies
raised the possibility that p53 has a pro-apoptotic role in
mouse ESCs [4, 5]. However, the molecular mechanism
is still lacking. A recent report by Huang and his colleagues in Cell Stem Cell has shed light on the intricate
pathway that regulates the pro-apoptotic function of p53
in ESCs [6].
To investigate the mechanism, Huang and his colleagues set out to test whether p53 induces apoptosis in
mouse ESCs upon DNA damage and found that p53 is
critical for DNA damage-induced apoptosis (DIA). Thus,
the pro-apoptotic roles of p53 are conserved between
stem cells and differentiated cells. They then used genomic approaches and identified a number of potential
downstream targets that mediate p53’s pro-apoptotic
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function. Since little is known about the mechanism of
gene repression by p53, the authors decided to focus on
one transcript called Apela for further study that is repressed by p53 and highly expressed in ESCs. They
found that Apela positively regulates p53-mediated DIA
in mouse ESCs. Surprisingly, although Apela RNA has a
putative coding region, this region is dispensable for the
function of Apela in the DIA of mouse ESCs. Instead,
Apela acts as a regulatory RNA. But as no direct interaction could be found for Apela and p53, how can this
RNA regulate p53 function? To answer this question,
the authors performed RNA-precipitation. One of the
proteins that precipitated with Apela was the heterogenous
nuclear ribonucleoprotein L (hnRNPL). This protein associates with p53 and inactivates the tumor suppressor protein by sequestering it from the mitochondrial department
and by stimulating its degradation, the former but not the
latter function is antagonized by Apela. In response to
DNA damage, the relative interaction between hnRNPL
and p53 is decreased, freeing p53 from its constraint and
allowing its accumulation and initiation of apoptosis in
ESCs. Huang and his colleagues speculate that Apela may
facilitate a quick response of ESCs to DNA damage by
skipping the translation step. As Apela is repressed by p53,
p53, Apela and hnRNPL form a tri-element negative feedback loop in ESCs. Given the enrichment of Apela in ESCs,
this negative feedback loop is most likely specific for the
regulation of p53 activity in ESCs.
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Because of its highly anti-proliferative activities, p53
needs to be kept in check and released from this constraint when its activity is needed. Therefore, several
regulatory mechanisms have been implemented in cells
that control p53 abundance and activity in stem cells as
well as in differentiated cells including regulation of
abundance and activity by posttranslational modifications [7], association with inhibitory proteins [7], regulation by micro-and other non-coding RNAs [8, 9] and
now as shown in a very elegant way by Huang and his
colleagues also by a protein coding RNA [6]. Whether
this mode of control is a general means for gene regulation or whether it is restricted to the regulation of p53
activity in ESCs merits future investigations.
Competing interest
The author declares that she has no competing interests.
Received: 1 June 2015 Accepted: 5 June 2015

References
1. Lin T, Chao C, Saito S, Mazur SJ, Murphy ME, Appella E. p53 induces
differentiation of mouse embryonic stem cells by suppressing Nanog
expression. Nat Cell Biol. 2005;7(2):165–71.
2. Li M, He Y, Dubois W, Wu X, Shi J, Huang J. Distinct regulatory mechanisms
and functions for p53-activated and p53-repressed DNA damage response
genes in embryonic stem cells. Mol Cell. 2012;46(1):30–42.
3. Aladjem MI, Spike BT, Rodewald LW, Hope TJ, Klemm M, Jaenisch R, et al. ES
cells do not activate p53-dependent stress responses and undergo
p53-independent apoptosis in response to DNA damage. Curr Biol.
1998;8(3):145–55.
4. Solozobova V, Rolletschek A, Blattner C. Nuclear accumulation and
activation of p53 in mouse embryonic stem cells after ionising irradiation.
BMC Cell Biol. 2009;10:46.
5. Goh AM, Lim CY, Chiam PC, Li L, Mann MB, Mann KM, et al. Using targeted
transgenic reporter mice to study promoter-specific p53 transcriptional
activity. Proc Natl Acad Sci U S A. 2012;109(5):1685–90.
6. Li M, Gou HF, Tripathi BK, Huang J, Jiang S, Dubois W, et al. An Apela
RNA-containing negative feedback loop regulates p53-mediated apoptosis
in embryonic stem cells. Cell Stem Cell. 2015. doi:10.1016/j.stem.2015.04.002.
7. Boehme K, Blattner C. Regulation of p53–insights into a complex process.
Crit Rev Biochem Mol Biol. 2009;44(6):367–92.
8. Hermeking H. MicroRNAs in the p53 network: micromanagement of tumour
suppression. Nat Rev Cancer. 2012;12(9):61–626.
9. Zhang A, Xu M, Mo YY. Role of the lncRNA-p53 regulatory network in
cancer. J Mol Cell Biol. 2014;6(3):181–91.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

