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Abstract

Here we show that fibroblasts from sporadic Alzheimer’s disease (AD) patients specifically express an anomalous and detectable confor-
mational state of p53 that makes these cells distinct from fibroblasts of age-matched non-AD subjects. In particular, we found that, in contrast
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o non-AD fibroblasts, p53 in AD fibroblasts is expressed at higher levels in resting condition, and presents a significant impairment of its
NA binding and transcriptional activity. All together, these findings figured out the presence of a mutant-like p53 phenotype. However, gene

equencing of the entire p53 gene from either AD or non-AD did not unravel point mutations. Based on immunoprecipitation studies with
onformation-specific p53 antibodies (PAb1620 and PAb240), which discriminated folded versus unfolded p53 tertiary structure, we found
hat a significant amount of p53 assumed an unfolded tertiary structure in fibroblasts from AD patients. This conformational mutant-like p53
orm was virtually undetectable in fibroblasts from non-AD patients.

These data, independently from their relevance in understanding the etiopathogenesis of AD, might be useful for supporting AD diagnosis.
2005 Elsevier Inc. All rights reserved.
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. Introduction

Alzheimer disease (AD) is a progressive neurodegener-
tive disorder characterized by the presence in the brain of
enile plaques and neurofibrillary tangles. To date, recog-
ition and quantification of these neuropathological lesions
emains the only valid criteria for an unequivocal diagnosis
f AD. Neurologists, taking advantage to validated clinical
riteria, can diagnose probable or possible AD, if the demen-
ia is atypical in onset and progression, with an accuracy of
early 90% and 50%, respectively [32]. For these reasons,
he identification of biological markers of AD, in addition to
ncreasing our understanding of the pathogenesis of the dis-
ase, can be extremely useful to improve diagnostic accuracy
nd/or to monitor the efficacy of putative therapies. In this

∗ Corresponding author. Tel.: +39 030 3717509; fax: +39 030 3717409.
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regard, peripheral cells may be of great importance, because
of their easy accessibility.

Among extra-neuronal tissue, cultured skin fibroblasts
derived from AD patients (AD-fibroblasts) have gained par-
ticular attention since they show a number of abnormalities
in metabolic and biochemical processes, with some of them
mirroring events that occur in the AD brain [9,15]. For exam-
ple, in AD fibroblasts, changes have found to occur in signal
transduction systems, including ion channels, cyclic AMP
and phosphatidylinositide cascade, as well as in �-amyloid
(A�) protein regulation [11,26,27]. Dysfunction in mitogen-
activated protein kinases signalling cascade was also found
in fibroblasts from both familiar and sporadic AD, but not in
age-matched controls [37]. Abnormalities in ERK1/2 phos-
phorylation were also specifically found in AD fibroblasts
since they were not present in fibroblasts from Huntington’s
disease patients with dementia [37]. Furthermore, reduced
and abnormal glyceraldehyde-3-phosphate dehydrogenase
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(GAPDH) activity [21] and impaired bradykinin B2 recep-
tor modulation by phorbol ester [16] were detected in AD
fibroblasts in comparison with age-matched controls. Finally,
recent evidences obtained in our laboratory, demonstrated an
impairment of p53 signalling pathway following an oxidative
injury that resulted in a less vulnerability of AD fibroblasts
[35].

p53 is a multifunctional protein whose main role is
to maintain genomic integrity [18]. Exposure to multiple
signals, including radiation, genotoxic chemicals, hypoxia,
oxidative stress, and depletion of ribonucleotides, induces
p53 to accumulate in the nucleus, to bind to specific DNA
sequences and to transactivate several genes most of them
involved in cell-cycle control, DNA repair, and apoptosis [1].
Lack of p53 activity could be due essentially to gene muta-
tions, as often occurs in tumours, or post-transcriptional mod-
ification both altering p53 tertiary structure and preventing
binding to specific DNA sequences [4,20,22,23]. Recently,
p53 has also been found to be involved in neurodegenerative
processes [5,13,19,25,34].

In this study, we investigated the expression pattern, the
activity, and the conformational structure of p53 in cultured
skin fibroblasts derived from sporadic AD patients and age-
matched non-AD subjects, in resting conditions and after
experimental cytotoxic insults.

Based on immunoprecipitation studies with conforma-
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E3/E3; five AD patients were hetherozygous E3/E4 and two
homozygous E3/E3. Non-AD were patients without estab-
lished cognitive disorders. Neither AD nor non-AD patients
presented tumour at the time of tissue biopsy.

2.2. Skin fibroblast cultures

Fibroblast cultures were established as previously
described [14]. All cell lines were frozen at passage 2–4 in a
modified growth medium containing 20% foetal calf serum
and 10% dimethylsulfoxide. For the experiments, cell lines
were simultaneously thawed and grown up to passages 9–12.
Cells were cultured as previously described [35]. Each set
of experiments was done using cells at the same passage
(ranging from 10 to 12), carefully matching AD and non-AD
samples. Culture conditions were kept constant throughout
the experiments.

2.3. Cell treatment

Cells were used at 80% confluent monolayers. For H2O2
exposure, culture cells were washed with phosphate buffer
saline (PBS) and treated with 1 mM H2O2 for 15 min. After
washing, cells returned to fresh medium for additional time
according to the experiments. Doxorubicin and cis-platinum
(CDDP), were added to the medium at the concentration of
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ion-specific p53 antibodies, we found that in fibroblasts
rom AD patients a significant amount of total p53 assume
n unfolded tertiary structure and this alteration can com-
romise p53 response to different cytotoxic injuries. These
esults, independently from their relevance in understanding
he etiopathogenesis of AD, might be useful for supporting
D diagnosis.

. Methods

.1. Patients

Fibroblasts from six non-AD controls (six females, mean
ge 67.0 + 6.1 years) and seven AD patients (five females, two
ales, mean age 73.8 ± 9.4 years) were selected from the cell

ines present in our cell repository originally established in
993 [14].

The diagnosis of probable AD was made according to
he criteria developed by National Institute of Neurological
nd Communicative Disorders and Stroke (NINCDS) and
he Alzheimer’s Disease and Related Disorders Association
ADRDA). All AD patients presented 1–4-year history of
rogressive cognitive impairment predominantly affecting
emory. Cognitive status was quantified using the Mini-
ental State Examination (MMSE); the scores were as

ollows: AD, 11.0 ± 7.75; non-AD, 27.5 ± 2.1. Three AD
atients were non testable at the MMSE because of severe
isease. The ApoE genotypes were as follows: four con-
rols were hetherozygous E3/E4 and the others homozygous
.5 and 50 �g/ml, respectively, and then cells were cultured
or additional 48 h. For each cell line the experiments were
epeated at least three times.

.4. Western blot analysis

Proteins were extracted from the cells as previously
escribed [35] and protein content determined by a conven-
ional method (BCA protein assay kit, Pierce, Rockford, IL).
hirty micrograms of protein extracts were electrophoresed
n 12% SDS-PAGE, and transferred to nitrocellulose paper
Schleicher and Schuell, Dassel, Germany). Filters were incu-
ated at room temperature overnight with anti-p53 antibody
1:200) (Ab8 NeoMarkers) anti-p21 (1:50) (Ab6 Oncogene),
r anti-�-tubulin (1:1.500) (Ab3, Neo Markers) antibody
n 3% non-fat dried milk (Sigma). The secondary antibod-
es (Dako) and a chemiluminescence blotting substrate kit
Boehringer, Mannheim, Germany) were used for immun-
detection. Evaluation of immunoreactivity was performed
n immunoblots by densitometric analysis using a KLB
222-020 Ultra Scan XL laser densitometer.

.5. Immunoprecipitation analysis

To analyse p53 conformation, cells were lysed in immuno-
recipitation buffer (10 mM Tris, pH 7.6; 140 mM NaCl;
.5% NP40 including protease inhibitors) for 20 min on ice,
nd cell debris was cleared by centrifugation. Protein con-
ent was determined by a conventional method (BCA protein
ssay Kit, Pierce, Rockford, IL). Before immunoprecipitation
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experiments, an aliquot of 10 �g of protein extracts from each
individual sample were processed for Western blot analysis
and probed with anti-�-tubulin antibody to validate protein
content measurements (data not shown). Based on the previ-
ous results, 100 �g of protein extracts were used for immuno-
precipitation experiments performed in a volume of 500 �l.
To prevent non-specific binding, the supernatant of immuno-
precipitated samples was pre-cleared with 10% (w/v) protein
A/G (50 �l) for 20 min on ice, followed by centrifugation.
For immunoprecipitation of p53, 1 �g of the conformation-
specific antibodies PAb1620 (wild-type specific), PAb240
(mutant specific) or PAbBP53.12 (recognizing both wild-type
and mutant p53) were added to the samples overnight at 4 ◦C.
Immuno complexes were collected by using protein A/G
suspension and washed five times with immunoprecipitation
buffer. Immunoprecipitated p53 was recovered by resuspend-
ing the pellets in Laemmli sample buffer. p53 was detected
by Western blotting using as primary antibody the polyclonal
anti-p53 antibody CM1 (Novocastra) at a 1:1000 dilution.

2.6. Immunofluorescence analysis

Cells were fixed in 1:1 (v/v) methanol and acetic acid for
5 min at −20 ◦C. After washing in PBS, cells were labelled
with the anti-p53 monoclonal antibody Ab8 (NeoMarkers
c
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2.7. DNA extraction and purification

About 5 × 105 cells from eight samples, four con-
trol subjects and four AD patients, were harvested and
processed for genomic DNA extraction and purification
using GenEluteTM Mammalian Genomic DNA Purification
Miniprep (Sigma–Aldrich, St. Louis, MO, USA) according
to the manufacturer’s instructions. Genomic DNA was quan-
tified and the integrity of DNA was verified by agarose gel
electrophoresis.

2.8. p53 gene mutation analysis

The exons 1–11 of the p53 gene were amplified in a 50 �l
volume reaction containing 200 ng of genomic DNA, 2 �M
of each primer, 200 �M of dNTPs, 1.5 U of Pfu Polymerase
(Promega, Madison, WI, USA) and 1× buffer supplied with
the enzyme. PCR reactions were carried out on a Perkin-
Elmer Cetus Thermal Cycler 480 (PE Applied Biosystems,
Foster City, CA, USA) as follows: 1 cycle consisting of
5 min at 94 ◦C, 35 cycles each consisting of 30 s at 94 ◦C,
30 s at the annealing temperature as reported in Table 1 for
each exon, and 1 min at 72 ◦C, and a final cycle of 5 min
at 72 ◦C. Sequences of p53 primers used for PCR reactions
were selected in the flanking region of each exon as described
b
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lone DO7 + BP53-12) in PBS containing 1% bovine serum
lbumin (BSA). Fluorescein-conjugated secondary antibody
as used. Slides were mounted with moviol and examined
sing a fluorescence microscope. Quantitative analysis of
mmunofluorecence was performed using the Image-Pro Plus
oftware (Media Cybernetics, Silver Spring, MD, USA).

able 1
rimers used for PCR amplification and sequencing of p53 exons

xon Primers Sequences

1 Forward 5′-GAGAATCCTGACTCTGCAC
Reverse 5′AGCCGAGAGCCCGTGACTCA

/3 Forward 5′-CAGGGTTGGAAGCGTCTCA
Reverse 5′-GAGCAGTCAGAGGACCAGG

4 Forward 5′-GACCTGGTCCTCTGACTGCT
Reverse 5′-GCATTGAAGTCTCATGGAAG

5 Forward 5′-ACTTGTGCCCTGACTTTCAA
Reverse 5′-CAATCAGTGAGGAATCAGA

6 Forward 5′-TCAGATAGCGATGGTGAGCA
Reverse 5′-TCAGATAGCGATGGTGAGCA

7 Forward 5′-AGGCGCACTGGCCTCATCTT
Reverse 5′-GAAATCGGTAAGAGGTGGG

8 Forward 5′-GGAGTAGATGGAGCCTGGT
Reverse 5′-GGTGATAAAAGTGAATCTG

9 Forward 5′-AGACCAAGGGTGCAGTTAT-
Reverse 5′-GTTAGTTAGCTACAACCAGG

10 Forward 5′-CAATTGTAACTTGAACCATC
Reverse 5′-ATGAGAATGGAATCCTATGG

11 Forward 5′-GCACAGACCCTCTCACTCAT
Reverse 5′-CAAGGGTTCAAAGACCCAA
y Duddy et al. [7], and reported in Table 1. PCR prod-
cts were analysed by agarose gel electrophoresis, purified
sing Wizard® SV Gel and PCR Clean-Up System (Promega,
adison, WI, USA) according to the manufacturer’s proto-

ol, quantified both by spettrophotometer and by agarose gel
lectrophoresis. Purified fragments were used for direct cycle

Annealing temperature (◦C) Product size (bp)

60 351

66 363
′

56 359

60 303
′

60 261

60 240

60 298
3′

61 294
-3′

55 258

61 229
′
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sequencing with ABI PRISM BigDye® Terminator Cycle
Sequencing Kit (PE Applied Biosystems, Foster City, CA,
USA) and analyzed by capillary electrophoresis on an ABI
PRISM 3700 DNA Analyser (PE Applied Biosystems, Foster
City, CA, USA). Both forward sequence and reverse sequence
for each exon were run. Electropherograms of the coding
sequences and splice junctions were checked manually for
the presence of any mutations.

2.9. Electrophoretic gel mobility-shift assay

Double-stranded p53 consensus binding-sequence p53cs

(GCTTGGACATGCCCGGGCATGTCC) and an oligonu-
cleotide containing the Oct-1 binding sequence [24] were
synthesized and end-labelled with [�-32P]ATP. Nuclear pro-
tein fraction was prepared according to Uberti et al. [33].
Binding reaction mixtures containing 0.5 ng 32P-labelled
oligonucleotide, 10 �g nuclear extract, 0.5 �g poly(dI–dC),
1 mM DTT and 100 ng monoclonal antibody PAb421, was
incubated for 30 min at 20 ◦C. PAb421 antibody binds to
the C-terminus of p53, supershifts and stabilizes p53-DNA
complexes; it is required for the detection of high-affinity
stable complexes under the conditions of this assay. Thirty
microliters of each reaction mixture were loaded onto a 5%
non-denaturating polyacrylamide gel and run in TBE buffer
a
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room temperature, stained with 400 �l of propidium iodide
(50 �g/ml) and analysed by flow cytometry using 488 nm
excitation.

3. Results

3.1. p53 accumulation in AD fibroblasts

Using immunofluorescence analysis we found that p53
levels in resting condition were very low in fibroblasts from
non-AD subjects. This is frequently observed in many cell
phenotypes harbouring a wild-type p53 because of its very
fast turnover [18]. In contrast, fibroblasts from AD patients
displayed an intense p53 staining both in the nucleus and
cytoplasm. Representative micrographs of p53 staining in
fibroblasts from AD patients and age-matched controls are
shown in Fig. 1, panel A. Quantitative analysis of immunos-
tainings performed on six non-AD and six AD fibroblast cell
lines indicated a significant increase of p53 levels in AD
fibroblasts in comparison to non-AD cells (Fig. 1A, right
panel). Similar results were obtained when p53 content was
measured by Western blot analysis. As shown in a representa-
tive blot in Fig. 1B, p53 was virtually undetectable in protein
extracts from non-AD cells (lanes 1 and 2), while an intense
signal was found in AD fibroblasts (lanes 3 and 4). Western
b
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( ated, in
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s an valu
t 120 V for 2–3 h. The gels were then fixed, vacuum dried,
nd exposed to X-ray film at −80 ◦C for 1 day.

.10. Flow cytometry

For analysis of cell cycle distribution both floating and
dherent cells were collected and fixed in 70% ethanol in
istilled water and stored at −20 ◦C. After washing in PBS,
he cells were treated with 100 �l of ribonuclease for 5 min at

ig. 1. p53 protein expression in fibroblasts from AD and non-AD patients. L
A) and Western blot analysis (B) on non-AD and AD fibroblasts, as indic
on-AD (lanes 1 and 2) and AD (lanes 3 and 4). Right panels report quantit
ix non-AD and six AD different fibroblast cell lines. Bars represent the me
lot and densitometric analysis of cell lines derived from six
D patients and six age-matched non-AD subjects indicated
three-fold increase of p53 expression in AD fibroblasts

Fig. 1B, right panel).

.2. Lack of p53 functional activity in AD fibroblasts

Induction of p53 in response to stress occurs essentially
y post-transcriptional modifications resulting in protein

ls show the results from representative experiments of immunofluorescence
resting conditions. Numbers in panel B indicate individual samples from

alysis of immunostainings (upper) and immunoblots (lower) performed on
es ± S.E.M. *p < 0.01 vs. the corresponding non-AD values.
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Fig. 2. p53 functional activity in fibroblasts from AD and non-AD patients. Cells were treated with H2O2 (1 mM) for 15 min and processed after 2 h for
immunofluorescence (A), EMSA (B) or Western blot analysis (C). (A) Immunofluorescence experiments performed on one non-AD and one AD fibroblast cell
line were carried out with a monoclonal anti-p53 antibody (see Section 2). (B) Nuclear extracts derived from one non-AD and two AD cell lines were incubated
with 32P-labeled p53 consensus DNA-binding sequence in the presence of PAb421, and analysed by EMSA. (C) Total extracts derived from two non-AD and
three AD cell lines were loaded onto 12% SDS-PAGE gel and immunobloted with anti-p53, anti-p21 and anti-�-tubulin antibodies.

stabilization, by escaping from proteosome-mediated degra-
dation, and in conformational changes that increase the affin-
ity of the protein for specific DNA sequences. This active
form of p53 regulates the transcription of a number of target
genes, including genes that mediate negative regulation of
cell cycle [8]. Among the latter is p21/waf1, a cyclin kinase
inhibitor acting at both G1 and G2 phases. The treatment
of non-AD fibroblasts with a brief pulse (15 min) of 1 mM
H2O2 induced a rapid accumulation of p53 protein (Fig. 2C,
left panels), that translocated into the nucleus as shown by
immunofluorescence experiments (Fig. 2A, left panels). This
event was accompanied by an enhancement of p53 DNA
binding activity and the induction of p21/waf1 protein expres-
sion as measured by EMSA (Fig. 2B, lanes 1 and 2) and
Western blot analysis, respectively (Fig. 2C, left panel). In
fibroblasts from AD patients, p53 staining was already high
and detectable in both nucleus and cytoplasm of untreated
cells. The nuclear component slightly increased after the
H2O2 insult (Fig. 2A and C, right panels). EMSA experiments
shown an intense band corresponding to p53-probe complex
in basal condition of AD fibroblasts that only barely increased
following H2O2 pulse (Fig. 2B). In AD cell lines, p53 DNA
binding activity was not supported by evidence of transcrip-
tional activity, as demonstrated by measuring p21 expression
(Fig. 2C, right panels). This data are in line with our previous
findings demonstrating, in a different set of AD fibroblast cell
l

products [35]. In all, these data suggest that p53 signalling
pathway is impaired in fibroblasts from sporadic AD patients.

3.3. AD fibroblasts result less sensitive to different
cytotoxic stimuli

To further elucidate the significance of an impairment of
p53 in AD fibroblasts, AD and non-AD cell lines were chal-
lenged with different cytotoxic agents including doxorubicin
and CDDP. Flow cytometric analysis of cell cycle distribu-
tion showed the presence of a sub-Go cell fraction following
H2O2, doxorubicin and CDDP in non-AD fibroblasts, sug-
gesting that these cells underwent apoptosis. Differently these
three different cytotoxic agents did not modified the repre-
sentative pattern of cell distribution of AD fibroblast cell
line. Representative data are shown in Fig. 3A. The quan-
titative analysis of cells distribution in sub-Go phase was
performed on fibroblasts derived from five AD and five non-
AD patients. H2O2, doxorubicin and CDDP induced a sig-
nificant increased of sub-Go fraction in non-AD cells, while
AD fibroblasts resulted more resistant to H2O2, doxorubicin
and CDDP induced apoptosis (Fig. 3B)

3.4. Evidence for p53 conformational changes in AD
fibroblasts

High p53 content and impaired p53 transcriptional activ-
i
ines, an anomalous expression of p53 and of its target gene
 ty is a common feature of many solid tumours carrying out
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Fig. 3. Sensitivity to different cytotoxic stimuli of fibroblasts from AD and non-AD patients. (A) Representative patterns of cell cycle distribution by flow
cytometric analysis of fibroblasts from AD and non-AD samples in resting condition and after treatment with H2O2, doxorubicin and CDDP. (B) Distribution
of cells in sub-Go phase of fibroblasts derived from five AD and five non-AD patients. Bars represent the mean values ± S.E.M. *p < 0.01 vs. the corresponding
non-AD values.

mutations in p53 gene. Thus, we investigated in fibroblasts
from sporadic AD patients the presence of point mutations
of p53 gene.

For gene analysis, exons 1–11, codifying the entire p53
gene, were took into consideration. To this end, genomic
DNA from fibroblasts of four AD and four non-AD patients
was extracted, exons and intron–exon boundaries of exons
1–11 were PCR-amplified, and sequenced. Analysis of the
amplified products revealed no points mutation in the p53
gene sequences from both AD and non-AD fibroblasts (data
not shown).

High p53 content and impaired p53 transcriptional activ-
ity is also the result of a change in the tertiary structure of the
protein [36]. This alteration confers on p53 a mutant pheno-
type [24]. We thus investigated on the conformational state
of p53 in fibroblasts from AD patients.

The conformational status of p53 in fibroblasts derived
from AD and non-AD subjects were studied by immuno-
precipitation technique using two conformational-specific
antibodies, PAb1620 and PAb240, which discriminate folded
versus unfolded p53 tertiary structure [23]. In particular,
the PAb1620 epitope is exposed in the wild-type p53 form
that is competent for DNA binding and depends on the ter-
tiary folding of the protein. In contrast, the PAb240 epitope
is cryptic in the protein that is competent for DNA bind-
ing but is exposed by denaturation. Many p53 mutants have

been shown to lose reactivity to PAb1620 and to react to
PAb240, leading to the identification of two alternative “wild-
type” (PAb1620+; PAb240−) and “mutant” (PAb1620−;
PAb240+) protein phenotypes [23]. PAbBP53.12, that rec-
ognizes an epitope localized in the N-terminus domain of
the molecule, was used to immunoprecipitate both folded
“wild-type” and unfolded “mutant like” p53 phenotypes.
Immunoprecipitates were then analysed by Western blot anal-
ysis with a rabbit polyclonal p53 antibody. Fig. 4, panel A
shows a representative experiment performed on one non-
AD and one AD fibroblast cell line in resting condition.
As expected, non-AD fibroblasts expressed exclusively wild-
type p53 as demonstrated by the reactivity with PAb1620, and
the absence of reactivity with PAb240. In AD cells although
the PAb1620 positive phenotype was presented, an unfolded
p53 isoform appeared, as identified by reactivity to PAb240.
When more non-AD (n = 6) and AD (n = 6) cell lines were
tested for immunoprecipitation experiment, two well sepa-
rate p53 phenotype patterns were identified. The calculated
ratio between the intensity of the bands immunoreactive to
PAb1620 and PAb240 was significantly lower in AD fibrob-
lasts in comparison with that derived from non-AD subjects
(Fig. 4, panel B).

Furthermore, the analysis of PAb240 (+) isoforms per-
formed on four non-AD and five AD cell lines clearly under-
scored a conformational mutant-like p53 that was a peculiar
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Fig. 4. p53 conformational state in fibroblasts from AD and non-AD patients. Protein extracts derived from six non-AD and six AD fibroblast cell line
were immunoprecipitated with the following antibodies: PAb240 (specific for “mutant” unfolded conformation); PAb1620 (specific for wild-type, folded
conformation) and BP53.12 (which reacts with both conformers). Immunoprecipitates were analysed by Western blot with the CM1 polyclonal anti-p53
antibody. (A) Representative experiment performed on one non-AD and one AD fibroblast cell line. Immunoprecipitated antibodies were omitted in control
(blk) samples. (B) Calculated ratio between the intensity of the PAb1620 and PAb240 immunoreactive bands obtained from six non-AD (white circle) and six
AD (black circle) fibroblast cell lines. (C) Four non-AD and five AD cell lines were processed in simultaneity for immunoprecipitation experiment only with
PAb240.

feature of AD fibroblasts and absent in non-AD cell lines
(Fig. 4, panel C).

4. Discussion

Although there have been vast advances in AD research,
this field still faces a great number of serious impediments to
progress in translating basic science discoveries into effective
treatments and evidence-based clinical practices for demen-
tia. One of the many challenges that remains to be addressed
is the availability of appropriate biological markers of the
disease. In this regard, a growing body of evidence sug-
gests that peripheral cells can be considered a good model
to study in vitro the dynamic alterations of metabolic and
biochemical processes that may mirror events occurring in
the AD brain. For example, alterations of protein kinase C
activity and APP metabolism described in AD brain have
been consistently found in cultured skin fibroblasts [2,29].
Further abnormalities in AD peripheral cells have also been
described in the calcium homeostasis, with an increase of
cytosolic free-calcium in platelets and lymphocytes derived
from AD patients [27], and in oxidative metabolism, with
alterations in mitochondrial oxidative pathway in fibroblasts
from sporadic AD patients [9,10].

We recently found in fibroblasts from sporadic AD
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that p53 in fibroblasts from AD patients, contrary to that
present in fibroblasts from non-AD subjects: (1) is expressed
at higher levels in resting conditions, (2) only barely increases
into the nucleus after H2O2 treatment, (3) presents impaired
transcriptional activity, and (4) is distinguishably reactive to
the PAb240 (mutant specific) p53 antibody. These results
clearly show that AD fibroblasts express a certain amount
of p53 endowed with functional and structural features to be
defined as having a “mutant-like” conformation. It should be
underlined that wild type p53, as recognized by the PAb1620
antibody, was still present in AD fibroblasts and only a frac-
tion of the total p53 showed immunoreactivity to the PAb240
(mutant specific) p53 antibody. Since, at the present, we have
no record of any kind of skin tumour in all the sporadic AD
patients studied so far it may be inferred that the impairment
of p53 in AD fibroblasts is compensated by the activity of
other tumour suppressor pathways.

We cannot speculate at this time whether mutant p53 is
also present in the brain of AD patients and eventually the
relevance of such impairment in terms of neuronal function.
Studies in this direction are now in progress in our laboratory.
There are however, previous post-mortem studies suggesting
an involvement of p53 in degenerating neurons in AD. These
include de la Monte et al. [6] showing increased p53 and Fas
expression in specific populations of cortical neurons; Kita-
mura et al. [17] showing increased amount of p53 in temporal
c
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atients a specific alteration of the p53 intracellular pathway
nvolved in sensing and repairing DNA damage [35]. Here
e show that fibroblasts from sporadic AD patients specif-

cally express an anomalous and detectable conformational
tate of p53 that makes these cells distinct from fibroblasts
f age-matched non-AD subjects.

p53 may be expressed in the cells in at least two dif-
erent conformational forms, referred to as “wild type” and
mutant”, which differ in terms of stability, transcriptional
ctivity, and sensitivity to specific antibodies [23]. We found
ortex, mainly localized in glial cells; Seidl et al. [30] showing
igher levels of p53 in frontal and temporal lobe from Down
yndrome patients. If p53 levels are increased in specific neu-
ons in AD brain, one could infer that these are degenerating
eurons; alternatively, the increased level might reflect the
xpression of a conformational mutant isoform of p53, as
e detected in AD fibroblasts. It could also be of interest to
erify whether other peripheral, and more accessible, cells
xpress mutant p53. This information will allow the avail-
bility of a large number of biological samples to validate the
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presence of mutant p53 as an appropriate biological marker
of AD.

Mutant isoforms of p53 are indeed typically present in
tumours carrying p53 gene mutation. However, sequence
analysis of all exons of p53 gene suggests that the PAb240
reactive p53 found in AD fibroblasts is not the result of gene
mutation. Thus, our data suggest that one of the peripheral
events associated to the disease is responsible for generating
such p53 conformation isoform.

One of the causes for modifying p53 tertiary structure
to acquire the PAb240 reactive phenotype is an abnormally
high oxidative state [23,28,31,36] and a number of evi-
dence suggests that peripheral cells, including fibroblasts,
of AD patients are exposed to high levels of oxygen radicals
[3,9,12,29]. Although this condition has been associated with
neuronal loss in the brain, no data are available, at least up to
now, of a clear sign of pathology in peripheral organs. Since
PAb240 reactive p53 may be generated in vitro by exposing
various types of cells to experimental oxidative stress, we
may speculate that PAb240 reactive p53 in AD fibroblasts is
the result of an elevated redox status of these cells.

Finally, it is intriguing that the PAb240 reactive p53 iden-
tified in AD fibroblasts has many biochemical and functional
features of the mutant p53 found in tumours. This apparent
link can be added to the growing list of evidence accumu-
lated in the very recent years that suggests an involvement of
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