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TAp63α has been identified as the major quality control
factor in the female germline more than a decade ago by the
group of Frank McKeon. DNA damage in primary oocytes,
within primordial follicles, that constitute the ovarian
reserve in women, results in the phosphorylation-dependent
activation of p63 that in turn induces apoptosis of the
affected oocytes [1]. Although this mechanism is crucial to
ensure oocyte quality throughout the reproductive lifespan,
female cancer patients treated with DNA damaging che-
motherapy or pelvic radiotherapy frequently suffer from
premature ovarian insufficiency (POI) and its detrimental
side effects due to severe reduction of the primordial follicle
pool. To develop strategies to protect primary oocytes
during gonadotoxic therapies and thus prevent POI, it is
important to understand the molecular details of TAp63α
regulation. Women are born with a finite number of oocytes
that are arrested in prophase of meiosis I until recruited for
ovulation—a period that can last for decades [2, 3]. The
constitutively high expression of an apoptosis-inducing
transcription factor combined with this long arrest time
necessitates a very tight regulation of the transcriptional
activity of TAp63α [4]. Our group has previously demon-
strated that in contrast to all other p53 family members [5],
TAp63α adopts an autoinhibited and only dimeric con-
formation [6]. DNA damage-induced phosphorylation
serves as a trigger that disrupts this kinetically trapped
conformation allowing transition from the inactive dimer to

the active tetramer with a 20-fold higher DNA binding
affinity [7]. Activated TAp63α then orchestrates the
induction of apoptosis by driving transcription of genes
coding for the BH3 only proteins PUMA and NOXA [8].
Although several kinases and phosphorylation sites have
been suggested, the exact activation mechanism for
TAp63α remained enigmatic and in part controversially
discussed [9, 10]. Although CHK2 has been identified as a
kinase essential for activation of TAp63α [11], we report
now that phosphorylation at S582 is essential but not suf-
ficient to transform the protein into the active tetramer [7].
Activation of TAp63α requires a two-step mechanism that
involves priming by CHK2 and subsequent secondary
phosphorylation events by the executioner kinase CK1
(S585-T594) [12]. This accumulation of phosphate groups
in the C-terminal region leads to electrostatic repulsion of a
spatially close acidic sequence disrupting the autoinhibitory
structure (Fig. 1). Our results thus provide a structural
rationale for the phosphorylation-induced activation of p63
and further demonstrate that the previously suggested and
controversially discussed tyrosine phosphorylation by c-Abl
[9, 10] is in fact dispensable for the activation mechanism.
The involvement of two different kinases also explains how
oocytes achieve the tight regulation of p63 tetramerization
that suppresses accidental activation and subsequent oocyte
death. The requirement for multiple phosphorylation events
by two different kinases ensures that only a strong activa-
tion of the DNA damage response leads to activation of
TAp63α while sporadic phosphorylation could be effi-
ciently removed by phosphatases [13]. In agreement with
our model, death of primary oocytes in cultured mouse
ovaries treated with the common chemotherapeutic agents
doxorubicin or cisplatin could be prevented by co-
administration of kinase inhibitors targeting either CHK2
or CK1, but not with the c-Abl inhibitor imatinib. Identifi-
cation of CK1 as a second essential kinase adds a valuable
target for the development of fertoprotective strategies. As
the fertoprotective therapy must not interfere with the actual
tumor- targeting therapy regime or even promote tumor
progression, it is unlikely that a single fertoprotective
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strategy will be suitable for all cancer types. Therefore, it
will be important to identify multiple targets for tailoring
fertoprotective therapies for the exact cancer type and
treatment regime. In addition to the kinase inhibitors men-
tioned above several hormones and small molecules have
been proposed as fertoprotective agents (e.g., luteinizing
hormone, sphingosine-1-phosphate, AS101) [14, 15]. Their
mechanism of action, however, remains elusive at the
moment and it will be crucial to understand whether, how
and at what stage these compounds interfere with p63
activation or its downstream signaling.

Chemotherapy-induced DNA damage activates ATM,
which subsequently activates CHK2. Active CHK2 acts as
an essential priming kinase and phosphorylates TAp63α,
which is highly expressed in its autoinhibited dimeric
conformation, on S582. This sets the stage for the execu-
tioner kinase CK1, which requires a pre-phosphorylated
substrate, to add up to four additional phosphate groups
C-terminally (S585, S588, S591, and T594) to the
CHK2 site. The sum of these phosphorylation events dis-
rupts the autoinhibited dimeric conformation and allows
TAp63α to form an open and active tetramer. Tetrameric

gonadotoxic
therapy

intervention
opportunities

CK1

ATM
P

CHK2
P

TAp63α

P

P

P
P
P

P P P P P
P
P

P
P

PPPPPP
P
P

PU
MA

/ N
OX
A

OO
CY
TE

PO
I

DE
AT
H

Fig. 1 Activation of TAp63α in primary oocytes requires a two-step mechanism, which works as a molecular fuse
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TAp63α is able to induce apoptosis by driving expression
of PUMA and NOXA, which will eventually result in POI
of the patient.
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