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The p53 homologue p73 accumulates in the nucleus and localizes to neurites
and neurofibrillary tangles in Alzheimer disease brain

The molecular mechanisms that regulate neuronal survival vs. death during Alzheimer disease (AD)
remain unclear. Nonetheless, a number of recent studies indicate that increased expression or altered
subcellular distribution of numerous cell cycle proteins during AD may contribute to disease
pathogenesis. Because homologues of p53, a key regulatory protein in the cell cycle, such as p73,
have been identified and shown to participate in cellular differentiation and death pathways, we
examined the expression and distribution of p73 in the hippocampus of eight control and 16 AD
subjects. In control subjects, hippocampal pyramidal neurones exhibit p73 immunoreactivity that is
distributed predominately in the cytoplasm. In AD hippocampus, increased levels of p73 are located
in the nucleus of pyramidal neurones and p73 is located in dystrophic neurites and cytoskeletal
pathology. Immunoblot analysis confirmed the presence of p73 in the hippocampus. These data
indicate that p73 is expressed within hippocampal pyramidal neurones and exhibits altered
subcellular distribution in AD.
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Introduction
Cellular insults proposed to induce neuronal degeneration during Alzheimer disease (AD),
such as oxidative stress and DNA damage, activate members of the p53 gene family to initiate
cell survival or death pathways [1-3]. Cell death via p53 occurs by either transcription-
dependent (p53-mediated expression of bax and other pro-apoptotic gene products) or
transcription-independent (modulation of cell surface levels of death receptors) mechanisms
[4]. Recently, p53 homologues have been identified including the p63 and p73 gene products
[5,6]. These proteins can induce expression of many of the same gene products as p53,
including pro-apoptotic proteins such as bax and p21 [5,7]. The developing murine nervous
system exhibits abundant expression of p73, and expression, albeit at lower levels, persists into
adulthood [8]. p73 has been shown to be important for neuronal survival and maintenance in
adult brain [9]. Overexpression of p73 in neuroblastoma cells can induce differentiation,
indicating a role for p73 in neurodifferentiation [10]. Interestingly, p73 also functions in E2F1-
induced apoptosis of postmitotic cells and in DNA damage-induced cell death [11-14]. E2F1
and proteins of the p53 gene family regulate expression of proteins including Apaf-1,
cytochrome c and bax that function in mitochondrial-induced cell death [15]. Recent studies
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have demonstrated that E2F1 exhibits altered subcellular distribution in neurodegenerative
diseases such as AD and amyotrophic lateral sclerosis [16-18], suggesting proteins that
functionally interact with E2F1 may also exhibit altered distribution or function in these
neurological diseases.

There is abundant evidence for oxidative injury of proteins and DNA during AD that could
potentially induce p53-mediated apoptosis [1,19,20]. While transgenic mice overexpressing
beta-amyloid (Aβ) peptide exhibit increased p53 activation and DNA fragmentation [21], in
vitro studies have suggested that Aβ-mediated apoptosis does not require p53 function
[22-24]. Increased p53 immunoreactivity has been reported within neurones and glia in the
neocortex and hippocampus of AD brain [25-27], although other studies have failed to identify
altered levels of p53 in AD hippocampus [28]. Therefore, the potential role of p53 in AD
pathogenesis remains unclear. To date, other members of the p53 gene family have not been
investigated in AD. In this study, we examined the expression and distribution of p73 in the
hippocampus of control and AD patients.

Materials and methods
Tissue extracts and immunoblot

Formalin-fixed, paraffin-embedded and fresh frozen hippocampal tissue from AD (n = 16, ages
69–93) and non-demented age-matched controls (n = 8, ages 59–85) were used for this study.
AD cases met CERAD (Consortium to Establish a Registry for Alzheimer's disease) and NIA-
RI (National Institute on Aging-Regan Institute) criteria for AD. The average post-mortem
interval for AD cases was 4 h (range of 3–6 h) and for control cases was 5 h (range of 4–6 h).
Additional information for each case is provided in Table 1. To prepare nuclear and soluble
extracts from the tissues, 0.5 g of brain tissue was weighed and homogenized in 1 ml of buffer
A (10 mM Hepes pH 7.9, 1.5 mM MgCl2, 10 mM KCl, 0.5 mM DTT, containing a protease
inhibitor cocktail) as previously described [16]. The homogenate was spun at 3000 rpm for 5
min at 4°C. The pellet was resuspended in four pellet volumes of buffer A and incubated on
ice for 15 min. After additional homogenization, the sample was spun at 10 000 rpm for 30
min at 4°C. The supernatant was saved as the soluble extract. The pellet was resuspended in
two pellet volumes of buffer B (20 mM Hepes pH 7.9, 420 mM NaCl, 1.5 mM MgCl2, 0.2 mM
EDTA, 0.5 mM DTT, 25% glycerol, containing protease inhibitors) and incubated on ice for
15 min. The sample was spun at 10 000 rpm for 30 min at 4°C. The supernatant was saved at
the nuclear extract.

Nuclear extracts from proliferating SH-SY5Y neuroblastoma cells were prepared as previously
described and used as positive controls [29]. Briefly, cells were lysed in 1 ml of 4°C lysis buffer
[0.1% NP-40, 10 mM Tris (pH 8.0), 10 mM MgCl2, 15 mM NaCl] + protease inhibitors and
centrifuged at 800-g for 5 min to collect nuclei. The supernatant was saved as the soluble
fraction and contains other organelles and cytosolic proteins. Two pellet volumes of high salt
buffer [0.42 M NaCl, 20 mM Hepes (pH 7.9), 20% glycerol] + protease inhibitors were added
to the nuclei and incubated on ice for 15 min. The sample was then centrifuged at 14 000-g for
5 min to remove cellular debris and the supernatant saved as the nuclear extract. The purity of
the nuclear and soluble extracts was examined using antibodies to lamin B (nuclear protein)
and synaptophysin (cytosolic protein), and we found that these proteins were enriched greater
than 95% in their respective fractions (data not shown). The resulting blots were probed with
anti-p53 and anti-p73 antibodies listed in Table 2 and the bands visualized by enhanced
chemiluminescence after incubation with the appropriate secondary antibody conjugated to
horse radish peroxidase (HRP; Renaissance, NEN Life Science Products Inc., Boston, MA).
We examined p53 and p73 protein levels in four controls and eight AD patients from Table 1.
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Light microscopy
For light microscopy, tissue sections were de-paraffinized in xylene, hydrated through
descending ethanol washes and endogenous peroxidase activity eliminated by incubation in
3% H2O2 + 0.25% Triton X-100 in phosphate-buffered saline (PBS) for 30 min. Antibodies
used for the study include three antibodies to p73: H-79 or Ab-4 that recognize distinct epitopes
common to all isoforms of p73, and C-20 that-specifically recognizes the p73β isoform. We
also used antibodies to p53 (DO-1, Santa Cruz Biotechnology, Santa Cruz, CA, USA); and
Alz50 or MC1 dilutions to recognize altered tau within neurofibrillary tangles (kind gift from
Peter Davies, Albert Einstein College of Medicine, New York); and 4G8 to recognize Aβ
plaques. Antibody dilutions used throughout the study are listed in Table 2. Sections to be
incubated in 4G8 antibody were first incubated in 90% formic acid for 5 min. As a positive
control of p53 immunostaining, we used sections from a glial sarcoma of the frontal lobe. All
sections were blocked in 5% milk/PBS for 1 h at room temperature (RT). Polyclonal anti-p73
antibodies Ab-4 or H79, which recognize all isoforms of human p73 proteins, and C-20 were
incubated in 0.5% milk/PBS overnight at 4°C. Sequential sections were incubated with
monoclonal anti-antibodies 4G8 or Alz50. After PBS washes, the sections were incubated in
isoform-specific secondary antibody for 1.5 h. Sections labelled with anti-p73 antibody were
incubated in biotinylated goat antirabbit IgG(H + L) at 1 : 300 dilution. Sections labelled with
4G8 antibody were incubated in biotinylated goat antimouse IgG2B (1 : 300 dilution) and
sections labelled with Alz50 or MC1 antibody were incubated in goat antimouse IgM or IgG1
(1 : 300 dilution). Sections incubated in Alz50 or MC1 antibody did not receive the following
tyramide signal amplification (TSA) procedure. All other sections were then washed in TNT
buffer (0.1 M Tris-HCl pH 7.5, 0.15 M NaCl, 0.05% Tween-20), blocked in TNB blocking
buffer (0.1 M Tris-HCl pH 7.5, 0.15 M NaCl, 0.5% blocking reagent) (TSA Biotin System,
NEN Life Science Products) and incubated with streptavidin-HRP at 1 : 1000 dilution for 30
min at RT. After washes in TNT buffer, sections were incubated in biotinyl tyramide for 8 min
and washed again in TNT buffer. All sections were incubated in streptavidin-HRP at a 1 : 1000
dilution for 30 min at RT. After washes, antigens were visualized using an amino ethyl
carabazole detection system (AEC Substrate, BioGenex, San Ramon, CA) for 2 min and
washed in H2O. Haematoxylin resulted from counterstain each section. The relative p73
immunoreactivity in each case was evaluated by two independent investigators in a four-step
scoring scale with (−) corresponding to no immunoreactivity; (+) corresponding to weak
immunostaining; (++) being moderate immunostaining; and (+++) being strong
immunoreactivity at ×200 magnification.

To quantify pyramidal neurones containing p73 in the nucleus or cytoplasm, 100 pyramidal
neurones from the CA1 and CA3 regions of Ammon's horn of each case that exhibited obvious
nuclear and cell body structures were counted for the presence or absence of nuclear p73 at a
×400 magnification. Cytoplasmic staining was defined as p73 within the cell soma. The two
evaluators were blinded as to the individual case diagnosis. The percentage of pyramidal
neurones within each hippocampal region containing nuclear or cytoplasmic p73 was then
determined and the statistical significance between the control and AD groups determined by
the unpaired t-test using Prism 4.0 software (P < 0.05).

Confocal microscopy
Tissue sections were pretreated as described above. Primary antibody was added to the sections
and incubated overnight at 4°C. After PBS washes, the sections were incubated in the
appropriate biotinylated isotype-specific secondary antibody for 2 h, washed in PBS, and
incubated in a 1 : 500 dilution of streptavidin-FITC for 1.5 h at RT. For double label
experiments, the second primary antibody (p53 or p73) was then added for 1.5 h at RT. The
TSA Biotin immunohistochemistry fluorescence procedure (NEN Life Science Products) was
utilized to detect p73 or p53 with streptavidin-Cy5. After final PBS washes, the sections were
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mounted with gelvatol and stored at 4°C in the dark until they were analysed on a Molecular
Dynamics scanning laser confocal microscope. Omission of the primary antibody resulted in
absence of fluorescent signal. Crossover control experiments were also performed for each
primary antibody against the secondary antibody from the other label in order to determine the
specificity of the secondary antibody.

Results
P73 immunoreactivity in control and AD hippocampus

To examine the expression and distribution of p73 in the hippocampus of nondemented age-
matched controls and AD subjects, we immunolabelled paraffin sections from 16 AD and eight
control cases with commercially available antibodies that recognize two separate primary
amino acid sequence epitopes of p73. Identical results were obtained using either p73 antibody.
As shown in Figure 1A,B, p73 exhibits a diffuse pattern of immunoreactivity within the
cytoplasm of pyramidal neurones throughout the hippocampus of control subjects, although
punctate p73 immunoreactivity is also observed in the cytoplasm. We noted punctate p73
within the nucleus of some neurones in the control hippocampus (inset arrow in Figure 1A).
Within the hippocampus of AD patients, we observed p73 immunoreactivity in neuritic
processes and neurofibrillary tangle-like structures within pyramidal neurones (arrowheads in
Figure 1C,D). The p73 immunoreactive dystrophic neurites were often associated within
neuritic plaque structures in the CA1 region of AD patients (Figure 1D). Dentate granule cells
also exhibited p73 immunoreactivity in both control and AD subjects (data not shown). p73
protein was located within the nucleus of many pyramidal neurones in AD cases (Figure 1C,D).
High power magnification demonstrates the presence of p73 in nuclei of the AD hippocampus
(Figure 1E,F). Note that the red colour of the p73 immunoreaction product within the nucleus
often appears black upon the background of the haematoxylin stained nuclei.

The relative abundance of p73 immunoreactivity for each case is shown in Table 1, and the
majority of AD cases exhibited increased p73 immunoreactivity compared to control cases.
We also quantified the percentage of pyramidal neurones within the CA1 and CA3 regions of
nondemented control and AD subjects that contain p73 within the nucleus and cytoplasm
(Figure 2 and Table 1). We observed that 16% of CA1 pyramidal neurones and 14% of CA3
pyramidal neurones from control hippocampus contain punctate p73 immunoreactivity in the
nucleus. In the AD hippocampus, 26% of either CA1 or CA3 pyramidal neurones exhibited
punctate p73 immunoreactivity in the nucleus, a statistically significant increase (P < 0.008
for CA1 and P < 0.03 for CA3) in nuclear p73 (Figure 2). We failed to find any statistically
significant differences between the control and AD groups in the percentage of pyramidal
neurones containing p73 within the cytoplasm (Figure 2). However, p73 was observed within
many neurofibrillary tangle structures in all AD patients and in neuritic plaque structures in 10
of 16 AD patients. Within the neuritic plaques, p73 was localized to dystrophic neurites and
most frequently in neuritic plaques of the CA1 region in end-stage disease (Figure 1).
Therefore, we observed increased p73 immunoreactivity in the nucleus of hippocampal
pyramidal neurones and within cytoskeletal pathology in AD.

P73 colocalizes to neurofibrillary tangles
We next examined the distribution of p73 with respect to neurofibrillary tangles and amyloid
plaques in AD hippocampus (Figure 3). Consecutive sections were immunolabelled for
neurofibrillary tangles using the antiphospho-tau antibody Alz50 (Figure 3A), p73 (Figure 3B)
or Aβ-containing plaques using 4G8 (Figure 3C) as described in the section ‘Materials and
methods’. We observed that p73 colocalized to neurofibrillary tangles within pyramidal
neurones, but did not exhibit increased immunoreactivity in neurones surrounding amyloid
plaques (see arrowheads and ‘*’ in Figure 3A-C). However, not all neurofibrillary tangles
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immunostained for p73, and p73 occasionally was located in the cytoplasm surrounding the
tangle. To further demonstrate colocalization of p73 to neurofibrillary tangles, we performed
double-label confocal laser microscopy using antibodies to p73 and hyperphosphorylated tau
contained in tangles. The results demonstrate colocalization of p73 with tangle-bearing
neurones and p73 within the nucleus of some tangle-bearing neurones (Figure 3D,E). We failed
to observe altered p73 immunoreactivity around diffuse Aβ-containing plaques (data not
shown).

Immunoblot confirms high level expression of p73 in hippocampus
The tumour suppressor p53 protein exhibits increased nuclear accumulation in response to
DNA damage and has been proposed to participate in cell death pathways within the AD
neocortex [25-27]. Because p73 exhibits substantial sequence homology and its function
closely resembles p53, we immunostained consecutive sections of AD hippocampus for p73
and p53 to determine colocalization between p53 and p73. While prior studies have shown
increased levels of p53 in AD neocortex, we observed few cells in control or AD hippocampus
that exhibit p53 immunoreactivity (Figure 4A,B). The insets in Figure 4A,B correspond to the
corresponding region of the consecutive sections. The small number of p53 immunostained
cells exhibited predominately a glial morphology. In contrast, p73 is readily detected in the
cytoplasm and nucleus of AD hippocampal pyramidal neurones. We also failed to detect p53
or colocalization of p53 with p73 by confocal microscopy (data not shown). To confirm these
immunohistochemical results, we performed immunoblot analysis for p73 and p53 with nuclear
extracts prepared from the hippocampus of nondemented control and AD subjects. Multiple
p73 immunoreactive bands were present in the nuclear extracts from the hippocampus of
control and AD subjects, suggesting the presence of multiple spliced forms of this protein in
human hippocampus (Figure 4C, left panel). The p73 gene product exhibits alternative splicing
in the carboxy-terminal region to form six isoforms of the protein and the p73 gene has an
alternative start site that produces a truncated protein [6,30]. The p73α isoform is the slowest
mobility band on the gel. The commercially available p73 antibodies H-79 and Ab-4 detect all
spliced forms of the protein. No increase in overall p73 protein levels was apparent in the AD
hippocampus. We also examined the levels of p73β protein in the same tissue extracts using
an antibody specific to the p73β isoform (Figure 4C, right panel). An additional higher
molecular weight protein was detected in two of the AD cases, although the overall level of
p73β protein was not significantly different between control and AD subjects. However,
attempts to immunolabel tissue sections using the available p73β antibody failed, so we could
not determine the distribution of p73β protein within the tissue. We also failed to detect
significant p53 protein within these same tissue extracts (Figure 4D). These data confirm that
the p53 homologue p73 is abundantly expressed within the hippocampus.

Discussion
In the current study we demonstrate expression of p73 within hippocampal pyramidal neurones
and accumulation within the nucleus and cytoskeletal pathology in AD. The p73 antibodies
used in this study do not recognize phosphorylation-dependent epitopes and, therefore, the
colocalization of p73 with neurofibrillary tangles does not result from cross-reactivity with
phosphorylated epitopes associated with cytoskeletal pathology in AD. Because we failed to
detect significant p53 within the hippocampus of the control or AD subjects, p53 homologues
such as p73 may function within hippocampal pyramidal neurones and contribute to AD
pathogenesis. Our data concerning the low levels of p53 immunoreactivity in the hippocampus
are consistent with data previously reported by Nagy et al. [28] but contradictory to those
reported by others for p53 expression within the neocortex during AD [25,26], suggesting that
different members of the p53 gene family may function within discrete brain regions. Another
possibility for the disparity of the results between various groups is the different antibodies
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used to detect p53. We utilized the same anti-p53 antibody as Nagy and colleagues, and arrived
with similar results concerning the lack of p53 in the hippocampus. However, de la Monte and
colleagues used a different anti-p53 antibody and, therefore, their results may reflect the
different reagents used in the studies.

We observed statistically significant increased levels of p73 within the nucleus of remaining
hippocampal pyramidal neurones in AD, without a concurrent increase in the level of p73 in
the cytoplasm (Figure 2). It remains unclear if this occurs from increased p73 expression in
these cells or as a response to the disease process. It is possible that nuclear p73 may signify
a neuroprotective response or may precede entry into cell death pathways. Because p73 binds
to the consensus p53 DNA binding element, increased levels of p73 within the nucleus may
induce expression of genes that participate in DNA repair or apoptosis such as GADD45 and
bax. Each of these gene products has been shown to exhibit increased expression in the
hippocampus of AD patients [31,32]. Interestingly, p73 expression occurs in both tangle-
bearing and tangle-free neurones, and GADD45 expression has been shown to occur in
neurones expressing bcl-2 and not associated with tangle-bearing neurones [32]. This suggests
that p73 may directly participate in mechanisms that are neuro-protective (GADD45-
containing neurones) as well as neurodegenerative (bax- and tangle-containing neurones)
within the hippocampus. This is consistent with prior studies that have suggested a dual role
for p73 in apoptosis and cell survival pathways [7,33]. Further studies are required to examine
the relationship between nuclear p73, GADD45 and bax gene expression during AD.

Increased levels of p73 within the nucleus during AD suggest that pathways leading to p73
activation are up-regulated during AD. It has been shown that p73 expression and activation
are regulated by DNA damage and extracellular signals that induce neuronal differentiation
[10,11,34]. Oxidative injury and DNA damage have been shown to occur during AD and,
therefore, may induce p73 activation within the hippocampus [1,35,36]. Alternatively,
increased expression and activation of p73 may also occur via other transcription factors or
signalling pathways. While the transcription factor E2F1 indirectly activates p53, E2F1 can
directly induce p73 expression through direct recognition and transactivation of the p73
promoter [13,14]. We have previously demonstrated altered subcellular distribution of E2F1
in AD brain [16,18]. Further studies are required to examine the functional role of these
transcriptional regulators in neuronal survival and cell death pathways.

p73 is known to exhibit a complex alternative splicing pattern that can affect its ability to induce
gene expression and regulate apoptosis [6]. In addition, the p73 gene has an alternative start
site that produces a truncated protein denoted ΔN-p73 that lacks the transactivation domain
and, therefore, may function as a dominant negative regulator of p73 and p53 function [30,
37]. The commercially available p73 antibodies used for immunohistochemical studies in this
study recognize amino acid sequences common to all isoforms of the protein, although the
H-79 antibody should not recognize the truncated ΔN-p73 protein. However, we failed to note
any significant difference in the immunostaining pattern exhibited by the H-79 and Ab-4
antibodies, suggesting that expression of the ΔN-p73 protein may be low in adult human brain.
The antibody specific for p73β failed to immunolabel tissue sections, regardless of the
methodology utilized. Therefore, we were unable to determine the direct contribution of
p73β to the immunohistochemical results. Antibodies specific to other p73 isoforms (γ, δ,
ΔN-p73) are not currently commercially available. We identified multiple p73 bands by
immunoblot analysis that likely correspond to multiple p73 isoforms present within the
hippocampus, and determined that the lower molecular weight species represents p73β (Figure
4C). However, additional studies at the mRNA level or using isoform-specific antibodies are
required to determine specific p73 species expressed within the hippocampus during AD and
if these various p73 isoforms are present in subpopulations of neurones. This is especially
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important because spliced variants of p73 (ΔN-p73) have been shown to be potent neuronal
prosurvival factors [9].

The level of p73 immunoreactivity within the cytoplasm of pyramidal neurones did not change
during AD (Table 2 and Figure 2). While many neurones are lost during the course of AD, the
percentage of remaining neurones exhibiting p73 within the cytoplasm remained unaltered,
although many of these cells contained p73 within neurofibrillary tangles. Therefore, the
function of p73 within the cytoplasm may be altered in such tangle-bearing neurones. While
p73 was also localized to dystrophic neurites of some plaques, the functional significance of
this distribution pattern remains unclear. The increased percentage of remaining pyramidal
neurones containing p73 in the nucleus may indicate a role for nuclear p73 in survival or death
pathways during AD. As noted earlier, it will be interesting to determine the p73 isoform
present within the nucleus of these cells.

We failed to identify significant levels of p53 protein within the hippocampus and suggest that
the p53 homologue p73 functions within hippocampal pyramidal neurones. To our knowledge,
this is the first example of p73 expression within the adult human brain. In conclusion, we have
demonstrated expression of p73 within hippocampal pyramidal neurones and increased p73
protein levels in the nucleus and in cytoskeletal pathology during AD.
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Figure 1.
p73 immunoreactivity in the CA3 and CA1 regions of the hippocampus using anti-p73 antibody
H79. (A and B): p73 is located in neuronal cell bodies of the CA3 and CA1 hippocampal
regions from control subjects. p73 is denoted in red and the sections counterstained with
haematoxylin. Insets are high power magnification. (C and D): within the hippocampus of AD
subjects, p73 is also detected in neurites and structures resembling neurofibrillary tangles
(arrowheads). Each panel is ×200 magnification and the insets are ×400. (E and F): high power
magnification (×400) of hippocampal pyramidal neurones immunolabelled for p73 in the CA3
(E) and CA1 (F) regions of AD brain. Panel (A) corresponds to case Control 8; panel (B)
represents case Control 1; panel (C) is case AD 9; panel (D) is case AD 16; panel (E) is case
AD 3; panel (F) is case AD 8 in Table 1. AD, Alzheimer disease.

Wilson et al. Page 10

Neuropathol Appl Neurobiol. Author manuscript; available in PMC 2006 August 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
The percentage of pyramidal neurones exhibiting p73 in the nucleus and cytoplasm of control
(C) and Alzheimer disease (AD) brain. Pyramidal neurones within the CA1 and CA3 regions
of the hippocampus were scored for the presence of p73 in the nucleus and cytoplasm as
described in the section ‘Materials and methods’. Data represent the mean ± SEM for each
group. Asterisks indicate significant difference in nuclear p73 between the control and AD
groups (P < 0.008 for both CA1 and CA3).

Wilson et al. Page 11

Neuropathol Appl Neurobiol. Author manuscript; available in PMC 2006 August 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
p73 colocalizes to a subset of pyramidal neurones containing neurofibrillary tangles. (A–C):
consecutive sections from Alzheimer disease (AD) hippocampus immunostained for Alz50
(A), p73 using the Ab-4 antibody (B), and beta-amyloid using 4G8 (C). Arrows indicate
colocalization of p73 in tangle-bearing neurones and asterisks represent locations of amyloid-
containing plaques. Magnification in panels A–C is ×200. (D and E): double-label confocal
laser microscopy demonstrates colocalization of p73 (red) in tangle-bearing neurones (green)
denoted using Alz50 antibody. Note that p73 as detected by the Ab-4 antibody is located in
either the cytoplasm or nucleus (arrows) of these neurones. Bar corresponds to 20 μm in each
panel. Panels (A–C) represent case AD 10, panel (D) represents case AD 13, and panel (E)
represents case AD 6 in Table 1.
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Figure 4.
Abundant p73 protein levels in the hippocampus. Consecutive sections from the CA1 region
of the hippocampus were immunolabelled for p73 using the Ab-4 antibody (A) or p53 (B).
While p73 immunoreactivity was evident, little p53 protein was observed in the hippocampus
from control or Alzheimer disease (AD) subjects. Panels (A) and (B) represent case AD 8 in
Table 1. Magnification for both panels is ×200. Insets are high power magnification of the
same region of the section. (C) Immunoblot for p73 (left) and p73β (right) using tissue extracts
from the hippocampus of control and AD subjects. Lanes 1 and 2 represent control subjects
and lanes 3–5 represent AD subjects (AD cases 12, 13, and 7, respectively). Lane 6 is a nuclear
extract from cultured neuroblastoma cells as a positive control for p73. H79 antibody was used
to detect p73 and C20 was used to detect p73β. Equal protein was loaded into each lane. (D)
p53 protein was below detectable limits within the same tissue extracts. Identical lane
assignments as in panel C.

Wilson et al. Page 13

Neuropathol Appl Neurobiol. Author manuscript; available in PMC 2006 August 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Wilson et al. Page 14

Table 1
Cases used for study and p73 immunostaining

% Nuclear % Cytoplasm

Case Age M/
F PMI (h) p73 level CA3 CA1 CA3 CA1 Braak stage

Control 1 82 F 4 ++ 13 25 96 76 I
Control 2 81 M 6 + 16 16 93 42 I
Control 3 85 M 4.5 ++ 30 22 96 69 I
Control 4 74 F 4.5 ++ 23 22 74 62 I
Control 5 70 F 5 + 14 19 60 66 III
Control 6 59 F 6 + 5 7 61 71 I
Control 7 82 F 4 + 7 5 97 72 I
Control 8 59 F 6 + 7 12 77 82 I
AD 1 74 F 4.5 ++ 15 26 59 37 II
AD 2 84 F 3.5 ++ 25 21 83 49 III
AD 3 85 M 4 + 26 25 75 48 III
AD 4 93 F 5 ++ 35 27 76 64 III
AD 5 85 F 3 ++ 27 27 86 62 IV
AD 6 80 M 5 ++ 34 25 91 52 V
AD 7 85 M 4 +++ 14 17 92 89 III
AD 8 81 M 4.5 +++ 22 27 75 77 VI
AD 9 81 F 3 +++ 31 35 70 59 VI
AD 10 82 M 4 +++ 29 25 78 68 V
AD 11 81 M 2.5 +++ 13 13 80 54 VI
AD 12 72 F 3.5 +++ 28 22 82 55 VI
AD 13 69 F 5 ++ 31 35 95 59 IV
AD 14 78 M 4 ++ 50 46 84 69 VI
AD 15 83 F 4.5 +++ 32 32 85 80 VI
AD 16 93 M 4.5 +++ 12 16 74 55 VI

M, male; F, female; PMI, post-mortem interval; AD, Alzheimer disease. The abundance of p73 immunoreactivity was scored in a four-step scale with (−)
corresponding to no immunoreactivity; (+) being weak immunoreactivity; (++) being moderate immunoreactivity; and (+++) being strong
immunoreactivity of neurones by visual qualitative analysis of hippocampal sections at × 200 magnification by two independent scorers. Nuclear and
cytoplasmic p73 immunoreactivity in both CA1 and CA3 pyramidal neurones was determined as described in the section ‘Materials and methods’. Braak
staging is noted for each case.
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Table 2
Antibodies used in this study along with antigen recognized and source

Name Abbreviation Recognition Source Dilutions

p73 H79 H79 All p73 isoforms Santa Cruz Biotechnology Western 1 : 200
IHC 1 : 200

p73 C20 C20 p73β isoform Santa Cruz Biotechnology Western 1 : 200
IHC 1 : 100

p73 Ab-4 Ab-4 All p73 isoforms Oncogene Research Western 1 : 200
IHC 1 : 50

p53 DO-1 DO-1 p53 Santa Cruz Biotechnology Western 1 : 200
IHC 1 : 150

Alz50 Alz50 Confirmational tau
epitope in neurofibrillary
tangles

Peter Davies, Albert Einstein
College of Medicine

Western N/A

IHC 1 : 10
MC1 MC1 Phosphorylated tau in

neurofibrillary tangles
Peter Davies, Albert Einstein
College of Medicine

Western N/A

IHC 1 : 20
4G8 4G8 beta-amyloid plaques Seneteck, Inc. Western N/A

IHC 1 : 500

Dilution factors are noted for Western blot analysis and immunohistochemistry (IHC).
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