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Abstract
In Alzheimer's disease (AD) neurons suffer dysfunction and death associated with aberrant tau
phosphorylation and subsequent neurofibrillary tangles. A new study reveals a surprising
neuroprotective role for a truncated p73 isoform (ΔNp73). Aged mice with reduced ΔNp73 levels
exhibit tau pathology and cognitive deficits, and ΔNp73 reduction in mice with amyloid pathology
causes extensive tangle formation and neuron death. These findings provide a novel animal model
of AD and a potential therapeutic role for ΔNp73 inducers.

ΔNp73 deficiency promotes neuronal degeneration and cognitive impairment
The memory impairment that occurs in Alzheimer's disease (AD) is caused by the dysfunction
and death of neurons in the hippocampus and associated brain regions. As the neurons
degenerate they develop neurofibrillary tangles which are intracellular accumulations of
hyperphosphorylated tau, a microtubule-associated protein (1). Tau tangles also occur in
frontotemporal lobe dementias (FTD) and to a much lesser extent in normal aging. The
molecular alterations responsible for tangle formation are believed to include aberrant
activation of kinases and inhibition of phosphatases, although the details remain unresolved.
Now Wetzel et al. (2) provide evidence that ΔNp73 protects neurons against tau
hyperphosphorylation and tangle formation, and preserves cognitive ability during aging and
in AD. ΔNp73 is a truncated form of p73, a member of the p53 family of transcription factors
(see Text Box 1); ΔNp73 is expressed in neurons and has been suggested to participate in cell
differentiation and survival (3). Wetzel et al. found that mice with reduced ΔNp73 levels (Tp73
+/− mice) show symptoms of cognitive impairment and motor dysfunction as they age, which
are associated with reductions in the size of the hippocampus, motor cortex and cerebellum.
Antibodies that recognize a phosphorylated form of tau peculiar to neurofibrillary tangles in
AD and FTD, stained many neurons in the brains of Tp73+/− mice but not in normal wild-type
mice. They next asked whether ΔNp73 might also protect neurons against the tau pathology
and degeneration in AD. To do so they crossed Tp73+/− mice with mice that express a mutant
form of β-amyloid precursor protein (APP) that causes inherited AD in humans (2). The APP
mutant mice develop progressive accumulation of amyloid β-peptide (Aβ) in their brains and
cognitive impairment due to synaptic dysfunction, but no tau pathology or neuron death (4).
By contrast, the APP mutant mice with reduced ΔNp73 levels exhibited abundant phospho-
tau immunoreactive neurons in the lateral and frontal cortices and hippocampus, and neuron
loss in the primary motor cortex. The Aβ pathology was unaffected by levels of ΔNp73 in the
APP mutant mice, suggesting that ΔΝp73 protects neurons against Aβ-induced neurofibrillary
degeneration (Figure 1A).
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ΔNp73 prevents tangle formation by inhibiting JNK
The mechanism by which p73 prevents tangle formation has not been established, but clues
are provided by the present and previous findings from the Kaplan and Miller laboratories.
They showed that ΔNp73 can protect neurons against death by preventing the upregulation of
the p53 gene targets p21 and Apaf-1, and by inhibiting c-Jun N-terminal kinase (JNK)
activation (5). By studying dorsal root ganglion neurons cultured from neonatal and adult mice,
they showed that ΔNp73 plays a pivotal role in protecting adult neurons against death induced
by neurotrophin deprivation and DNA damage (6). Wetzel et al. (2) found that levels of p53
and its downstream target p21 did not differ in brain tissue samples from wild-type and Tp73
+/− mice. Instead, they found that levels of activated JNK were increased in Tp73+/− brain
cells. As ΔNp73 can directly interact with JNK and inhibit its activity (5), the authors tested
whether JNK was responsible for tau hyperphosphorylation in the brains of aged Tp73+/− mice
and APP mutant mice with reduced p73 levels. They found that treatment of cortical neurons
from Tp73−/− and wild-type mice with a JNK inhibitor decreased phosphorylated tau levels
(2). A working model can therefore be proposed in which ΔNp73 protects the brain against
aging- and AD-related tau pathology and consequent neuronal dysfunction and cognitive
impairment by suppressing JNK activity and antagonizing the pro-apoptotic actions of p53
(Figure 1). However, because other kinases including glycogen synthase kinase-3β and cyclin-
dependent protein kinase-5 are implicated in pathological tau phosphorylation (1), it will
important to establish the relative contributions of each of the different kinases to the AD
process. Moreover, it will be interesting to determine if JNK inhibition in vivo also reduces
cognitive and behavioral symptoms and neuronal death.

p53 family members, synaptic plasticity and Alzheimer's disease
Although Wetzel et al. (2) reveal a previously unknown role for ΔNp73 in protecting neurons
against tau pathology, their findings must be reconciled with other data concerning the normal
functions of p73 and its involvement in AD. Wilson et al. (7) found that p73 accumulates in
the nucleus, and is also present in neurofibrillary tangles and dystrophic neurites in the brains
of AD patients. However, they did not establish whether the p73 immunoreactivity present in
the tangle-bearing neurons was full-length p73 or ΔNp73. Indeed, another study provided
evidence that ΔNp73 expression is decreased in AD (8). A concomitant increase in full-length
p73 levels and decreased ΔNp73 levels would have devastating consequences if full-length
p73 induces the expression of pro-apoptotic genes and ΔNp73 normally blocks JNK-mediated
tau hyperphosphorylation.

Is tau tangle formation a critical alteration caused by a decreased ΔNp73 : p73 ratio that results
in cognitive deficits in aging and AD? The fact that most lines of APP mutant mice exhibit
age-related accumulation of Aβ and memory deficits in the absence of any detectable tau
pathology argues against a critical role for tau (4). Even in 3xTgAD mice that develop both
Aβ and tau pathologies, memory can be preserved by environmental manipulation (food
deprivation on alternating days) that does not retard the progression of the tau pathology (9).
Perhaps a tau-independent effect of ΔNp73 deficiency accounts for impaired synaptic plasticity
and memory deficits during aging and in AD (Figure 1B). Wetzel et al. (2) did not evaluate
cognitive function in the APP x p73+/− mice; if cognitive function was worsened in these mice,
this would suggest that individuals that are haploinsufficient for p73 may be at higher risk for
early onset AD or a more severe form of AD

Data from studies of cultured neural cells suggest that full-length p73 promotes, and ΔNp73
antagonizes, neuron differentiation (10). The prominent hippocampal neuronal apoptosis and
atrophy present in mice lacking both p73 and ΔNp73 (11) is apparently due to ΔNp73
deficiency, whereas hippocampal dysgenesis in the full p73 knockout is due to lack of TAp73
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(12). The cognitive impairment in p73+/− mice, suggest an important role for ΔNp73 in
neuronal plasticity (2). It will therefore be important to determine if and how p53 family
members influence synaptic plasticity in the adult during aging and in AD. The most obvious
way in which p53, p73 and p63 could affect plasticity is by regulating the expression of genes
encoding proteins that regulate synaptic transmission or structural remodeling. For example,
some evidence suggests that several p53 targets (13) regulate plasticity including Wnt7b which
regulates dendritic growth (14) and Bax which might enhance neurotransmitter release (15).
By contrast, p53 is present in synaptic terminals where it can mediate mitochondrial alterations
caused by oxidative and excitotoxic stress (16). It will therefore be of interest to determine if
p73 and/or ΔNp73 are also present in synapses and modulate synaptic plasticity and memory
by transcription-independent mechanisms. The evidence that ΔNp73 directly interacts with
JNK to reduce its kinase activity (2,5) opens the possibility that the activities of other enzymes
involved in neuronal plasticity and survival are regulated by ΔNp73 or other p53 family
members.

Concluding remarks: where do we go from here?
The intriguing findings of Wetzel et al.(2) suggest many questions. What factors influence the
expression and biological activities of ΔNp73 in the contexts of neuronal plasticity and
degeneration? Does ΔNp73 participate in neurological disorders other than AD? Three
alterations that are believed to participate in the early synaptic dysfunction and subsequent
neuronal degeneration in aging and AD are increased oxidative stress, impaired energy
metabolism and perturbed cellular Ca2+ homeostasis (17). These adverse conditions can induce
p53 expression and activate JNK, but their effects on ΔNp73 levels and activities are unknown.
Perhaps ΔNp73 function(s) is inhibited by oxidative/metabolic stress or excessive Ca2+

accumulation in neurons, caused by the aging process and Aβ, thereby promoting synaptic
dysfunction and neuronal degeneration. JNK and p53 are implicated in neuronal death in
Parkinson's and Huntington's diseases (18,19), and it will therefore be of considerable interest
to determine the effects of ΔNp73 overexpression in animal models of these disorders. The
potential for manipulations that increase ΔNp73 levels or drugs that enhance its neuroprotective
actions merit preclinical investigation, and it will be of interest to determine whether elevated
ΔNp73 levels preserve cognitive ability during aging and in AD. In this regard, the APP; Tp73
+/− double mutant mice provide a novel preclinical model that recapitulates all of the major
abnormalities of AD patients including Aβ and tau pathologies, neuronal death and memory
impairment.

Text Box 1
p53 is a tumor suppressor protein that mediates apoptosis, a form of programmed cell death
which occurs during development and normal turnover of cells in tissues, but might also
play a pivotal role in disease processes including neurodegenerative disorders. Full-length
p73 might also function as a pro-apoptotic protein, but ΔNp73 antagonizes p53 and full-
length p73 and protects neurons against death (3). In neurons p53 can be induced by DNA
damage, overactivation of glutamate receptors and exposure to neurotoxic oligomeric forms
of Aβ (20,21). p53 kills neurons by inducing the expression of pro-apoptotic proteins
including Bax and p21, and might also act directly on mitochondria to increase membrane
permeability and cytochrome c release (Figure 1B). p53 levels are increased in neuronal
cell bodies and neurites with tau pathology as well as in dystrophic neurons associated with
Aβ plaques in AD patients (22). Treatment with a synthetic p53 inhibitor protects neurons
against Aβ-induced death, suggesting a pivotal role for p53 in neuronal degeneration in AD
(23). A cause – effect relationship between p53 and tau tangle formation was suggested
from the observation that p53 overexpression results in tau hyperphosphorylation in
cultured cells (24). In the latter study p53 was located in the nucleus, whereas tau was in
the cytosol, indicating that the effect of p53 on tau phosphorylation was indirect. The new
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findings from Wetzel et al. suggest that ΔNp73 might normally antagonize p53-dependent
tau tangle-promoting effects (2).
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Figure 1.
Possible pathways by which ΔNp73 modifies brain aging and the pathogenesis of Alzheimer's
disease. By acting as a negative regulator of p53 and by directly inhibiting JNK ΔNp73 protects
neurons against degeneration. A. Overexpression of p53 as well as deletion of one allele of
Tp63 or one allele of ΔNp73 causes accelerated aging and neurodegeneration. B. Downstream
targets of ΔNp73. ΔNp73 inhibits p53 activity and this reduces the levels of Bax, p21 and
Apaf-1. ΔNp73 interacts with JNK and inhibits its activity resulting in reduced tau
phosphorylation, decreased neuronal vulnerability and preserved synaptic plasticity. As p53
levels are not changed in Tp73+/− mice, the major pathway is probably via JNK. Reduced
levels of ΔNp73 in the Tp73+/− mice or in AD removes the inhibition of ΔNp73 on JNK and
p53 activities thereby triggering neuronal death. These pathways can partially explain how
ΔNp73 might preserve cognitive ability during aging and in AD.
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