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p73 is dispensable for commitment to neural stem cell
fate, but is essential for neural stem cell maintenance
and for blocking premature differentiation
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Dear Editor,

p73 is a p53 homolog with a major homeostatic role in the
central nervous system.1–6 Global p73 knockout (KO) exhibit
defective embryonic and adult neurogenesis associated with
cortical thinning, hydrocephalus and hippocampal dysgenesis.1,3

In classic 3D-neurosphere assays from embryonic and newborn
whole brains and isolated neurogenic niches, and in vivo
tracking of adult neural stem cells (NSCs) in mice, p73 was
unequivocally established as an essential regulator of NSC
survival and renewal.3–5 However, the question whether p73
is also required for the birth of NSCs from neuroectoderm
in very early CNS development remained unanswered. The
neurosphere assay is not capable of answering this question
since it selects for already formed NSCs. Thus, we reasoned
that the best system to address this question is to examine
NSC formation from p73KO induced pluripotent stem cells
(iPSCs), a tractable surrogate of embryonic stem cells.

To this end, we generated p73KO/Nestin-GFP and WT/
Nestin-GFP mice (Nestin-promoter, an NSC marker, drives
GFP),3 isolated mouse embryo fibroblasts from littermate
embryos and reprogrammed them into iPSCs.7 We used either
three factors (3F; Klf4, Oct3/4 and Sox2) or two factors (2F;
Klf4 and Oct3/4, to avoid possible effects from exogenous
Sox2, an NSC regulator). Of note, p73 deficiency had no effect
on iPSC generation, self-maintenance or pluripotency (data
not shown). Individual iPSC colonies were differentiated into
NSCs by N2B27 medium.8 FACS analysis showed that the
percent of Nestin-GFPþ cells (i.e., NSCs) rapidly increased
between day 0 and day 3 in both p73KO and WT cells
(Supplementary Figure S1a). Importantly, the formation of
NSCs from p73KO iPSCs was completely normal up to day 3 in
11 3F-iPSC and 5 2F-iPSC clones from three independent
litters analyzed multiple times (Supplementary Figure S1a and
data not shown). Thus, these data clearly establish that p73 is
not required for commitment to the neural fate and NSC
formation, but is essential for NSC maintenance.1–6

WT iPSCs in N2B27 medium continuously accumulated
NSCs over 7 days or showed a slight decline after peaking at
day 3–4. However, at day 7 the percentage of p73KO NSCs
was reproducibly lower compared with WT (Supplementary
Figure S1a). While brain-derived primary p73KO NSCs
exhibit some proliferative defects with increased senescence
at day E14,3,5 our iPSC-derived NSCs most likely represent a
younger developmental stage. We excluded that the effect at
day 7 is related to proliferation, senescence or apoptosis by

labeling iPSCs with a plasma-membrane integrating dye and
following its dilutional loss (reflecting cell division) in Nestin-
GFP gated cells, and by senescence assays and growth
curves over 7 days (Supplementary Figure S1b and data not
shown). Instead, by day 7 iPSC-derived p73KO NSCs might
have undergone accelerated neuronal differentiation, as
previously observed in brain-derived p73KO NSCs.4 Indeed,
immunofluorescence analysis of the neuronal marker TuJ1
revealed that at day 4 p73KO cultures had more neurons and
a higher percentage of neurons with elongated neurites than
WT, indicating faster differentiation (Supplementary Figure S1c).
By day 6, when clusters of neurons had formed, faster differen-
tiation was reflected by a smaller Nestin-GFP progenitor pool
(Supplementary Figure S1c, iv). Thus, accelerated NSC loss in
day 7 p73KO cultures is due to premature exit into differentiation.
Subsequently, however, these neurons develop abnormally,
producing thinner, shorter and kinked neurites (Supplementary
Figure S1c) as previously reported.3,4 This iPSC system
supports the notion that p73 blocks differentiation of progeni-
tors independently of its pro-proliferative and anti-senescence
action in maintaining the NSC niche. While this study
reinforces p73 as a powerful factor in brain development,
it also emphasizes that proper p73 expression should be
monitored when developing neuronal differentiation protocols
for iPSCs in the future for regenerative medicine.
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