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A b s t r a c t

Alzheimer’s disease (AD) leads to generation of β-amyloid (Aβ) in the brain. Alzheimer’s disease model PS/APP mice 
show a markedly accelerated accumulation of Aβ, which may lead to apoptosis induction e.g. in cells expressing 
wild-type p53. The TP53 gene is found to be the most frequently mutated gene in human tumour cells. There is 
accumulating evidence pointing out to the contribution of oxidative stress and chronic inflammation in both AD and 
cancer. The purpose of this study was to analyze exon 7 mutations of the murine Trp53 gene and Aβ/A4 and p53 
protein levels in PS/APP and control mice.
The studies were performed on female double transgenic PS/APP mice and young adults (8-12 weeks old) and age-
matched control mice. The Trp53 mutation analysis was carried out with the use of PCR and DNA sequencing.  
The Aβ/A4 and p53 levels were analyzed by Western blotting.
The frequency of mutations was almost quadrupled in PS/APP mice (44%), compared to controls (14%). PS/APP mice 
with the A929T and A857G mutations had a similar p53 level. In cerebral gray matter of PS/APP mice the level of 
p53 positive correlated with the level of Aβ protein (RS = +0.700, p < 0.05). In younger control animals, the T854G 
mutation was related to p53 down-regulation, while in aging ones, G859A substitution was most likely associated 
with over-expression of p53. In silico protein analysis revealed a possibly substantial impact of all four mutations on 
p53 activity. Three mutations were in close proximity to zinc-coordinating cysteine residues.
It seems that in PS/APP mice missense Trp53 exon 7 mutations may be associated with the degenerative process by 
changes of p53 protein function.
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Introduction

Alzheimer’s disease (AD) is characterized both cli- 
nically by the decline of cognitive functions, such as 

memory, and pathologically by the presence of nu- 
merous senile plaques (SPs) and neurofibrillary tan-
gles (NFTs) [2,3,28,40,46,51]. Neurofibrillary tangles 
consist of hyperphosphorylated tau protein, whereas 
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SPs are composed of amyloid β-protein (Aβ). Trans-
genic PS/APP mice carrying mutant amyloid precursor 
protein (APP) and presenilin-1 (PS1) show a markedly 
accelerated accumulation of the 42 amino acid long 
form of Aβ (Aβ42) into visible deposits [26]. Transgen-
ic PS/APP mice can therefore be used as experimental 
AD models. Ohyagi et al. [43] have shown that intra-
cellular Aβ42 directly activates the TP53 promoter, 
resulting in p53-dependent apoptosis. Accumulation 
of both Aβ42 and p53 was found in degenerating neu-
rons in transgenic simulated AD mice and in humans 
with AD [32,43]. Aging subjects and AD patients show 
an increased level of a mutant-like conformation state 
of the p53 protein in peripheral blood cells [33]. Lan-
ni et al. [33] have shown that a conformation change 
of p53 may lead to a partial loss of its activity and 
dysfunction of cell cycle proteins. Moreover, tumour 
suppressive p53 is critical in preventing cancer due to 
its ability to trigger proliferation arrest and cell death 
upon the occurrence of a variety of stressful condi-
tions [15].

Human p53 contains 393 amino acids, encoded 
within the TP53 gene, located at the 17p13.1 locus 
[7]. The TP53 gene is found to be the most frequent-
ly mutated in human cancers with the occurrence 
level of about 50%. Deletions, rearrangements, and 
retroviral insertional inactivations of the Trp53 ana-
logue gene have been found in mice. Furthermore, 
p53+/– and p53–/– mice have been found to develop 
a broad spectrum of tumours, including lymphomas, 
osteosarcomas, fibrosarcomas, and medulloblasto-
mas [22,29].

There is accumulating evidence pointing out to  
the contribution of oxidative stress and chronic in
flammation in both AD and cancer [19]. Lanni et al. 
[34] suggested that p53 protein may play a significant 
role in the degenerative process and cancerogenesis. 
The study by Serrano et al. [50] has shown an elevated 
expression of a mutant p53 in elderly AD mice. Fiorini 
et al. [18] have shown that p53 defects may alter the 
expression of mitochondrial proteins in murine brain. 
On the other hand, transgenic mice with truncated 
p53 exhibit enhanced resistance to spontaneous 
tumours, but show reduced longevity [54].

The presence of mutations in exons 4 to 8 of the 
TP53 gene has been found in a variety of neoplasms, 
including chronic lymphocytic leukaemia (17.3%) [10],  
colorectal cancer (42.3%) [57], lung cancer (39.4%) 
[9], bladder cancer (36.2%) [24], and head and neck 
carcinoma (22%) [38]. Furthermore, mutations in the 

TP53 gene have been found more often in higher 
malignancy grade scores (5.9% in grade I compared 
to 53.9% in grade III) in bladder tumours, while the 
mutation rate was sex and age independent [24].

The purpose of the study was to analyze muta-
tions in exon 7 of the murine Trp53 gene and esti-
mate the levels of Aβ/A4 and p53 proteins in about 
7-month-old PS/APP mice. The results were com-
pared to control mice of similar age and to a group 
of younger mice (8-12 weeks old).

Material and methods

Animals

The study involved nine about 7-month-old double 
transgenic PS/APP female mice (B6.Cg-Tg(APP695) 
3DBo Tg(PSEN1dE9)S9DBo/J strain, Jackson Labo-
ratory, USA). PS/APP mice deposit neurotoxic Aβ at 
6-8 months of age. The control group consisted of 
fourteen females (C57BL/6J strain, Jackson Laborato-
ry, USA), including six young adults (8-12 weeks old) 
and eight moderately old mice (7 months old).

Murine brains were isolated and divided into 
cerebral grey matter (GM), subcortical white matter 
(WM) and cerebellum (C).

This study was approved by local research ethics 
committees and the Polish Ministry of Environment.

DNA analysis

DNA for genotyping and racial purity checks was 
isolated from murine blood by standard methods. Racial 
purity was confirmed by PCR. Doubled 20 ng genomic 
DNA (gDNA) samples were amplified with the use of 
primers targeting exon 7 (NM_011640.3, 5’-GTGAGG-
TAGGGAGCGACTT-3’; 5’-CCTACCACGCGCGCCTTCCT-3’), 
yielding a 175 bp product. The PCR was carried out in 
25 μl of the mixture containing: 13.7 μl of Mili-Q water, 
2.5 μl of Laemmli Sample Buffer (Bio-Rad, USA), 2 μl 
of primers solution, 2 μl of dNTPs (Novazym, Poland), 
0.8 μl of Allegro Taq polymerase (Novazym, Poland), 
and 2 μl of tested DNA. The annealing temperature 
has been optimized to 62°C, the PCR was carried out 
for 30 cycles. The quality of the product was estimat-
ed by standard gel electrophoresis.

Polymerase chain reaction (PCR) product was puri-
fied and sequenced according to the standard proto-
col in the external unit: the Laboratory of Molecular 
Biology Techniques at the Faculty of Biology, Adam 
Mickiewicz University, Poznan, Poland. The samples 



32 Folia Neuropathologica 2014; 52/1

Jolanta Dorszewska, Anna Oczkowska, Monika Suwalska, Agata Rozycka, Jolanta Florczak-Wyspianska, Mateusz Dezor, Margarita Lianeri,  
Pawel P. Jagodzinski, Michal J. Kowalczyk, Michal Prendecki, Wojciech Kozubski

were analyzed with sequencer 3130xl Genetic Ana-
lyzer (Applied Biosystems HITACHI, USA). All samples 
showing the presence of mutations were re-ana-
lyzed to confirm the presence of specific changes.  
The sequencing results were analyzed using the 
BioEdit software based on a reference sequence.

Western blotting

Dissected brain tissues were lysed and homoge
nized with the use of a  radioimmunoprotein assay 
(RIPA) buffer (50 mM Tris-HCl, pH 7.2; 150 mM NaCl; 
1% IGEPAL CA-630; 0.05% sodium dodecyl sulfate; 
1% sodium deoxycholate), supplemented with a pro-
tease inhibitor cocktail for mammalian cell extracts 
(Sigma, USA) [16 : 1] and phenylmethylsulfonyl flu-
oride (Sigma, USA) in isopropanol (10 mg/100 µl).  
The samples were then centrifuged and the pellet 
was discarded [42].

Protein aliquots (40 μg/lane) were electropho
resed in 7.5% polyacrylamide gels and transferred 
onto nitrocellulose filters. The filters were exposed 
to anti-p53 goat polyclonal antibodies (Ab) (C-19, IgG, 
200 μg/ml, Santa Cruz, USA) or to anti-Aβ/A4 murine 
monoclonal Ab (B-4, IgG2a, 200 μg/ml, Santa Cruz, 
USA), at dilutions of 1 : 500.

Subsequently, the filters were incubated with 
secondary Abs, either murine anti-goat IgG-HRP  
(400 μg/ml, Santa Cruz, USA) or goat anti-mouse 
IgG-HRP (400 μg/ml, Santa Cruz, USA) respective-
ly, at dilutions of 1 : 2000. Peroxidase Boehringer 
Mannheim blocking reagent (BMB) was added (BM 
Blue POD Substrate, Roche-Applied Science, Germa-
ny) to stain the immunoreactive bands. The Aβ/A4 
and p-53 protein levels were analyzed on separate 
nitrocellulose filters. The band area was registered 
using a  Quantity One densitometer (GC-710, Bio-
Rad, USA). The quantification was performed by 
measuring the area of registered immunoreactive 
bands.

Subsequently, the stripping of Aβ/A4 and p-53  
filters was performed with the stripping solution 
(62.5 mM TRIS/HCl with 2% SDS and 0.7% 2-merka
ptoethanol in Mili-Q water) to remove the primary 
and the secondary Abs. Then, the filters were incu-
bated with the anti-β-actin murine monoclonal Ab  
(C-4, IgG, 200 μg/ml, Santa Cruz, USA), at dilution of 
1 : 500. Subsequently, the processes of incubation 
with secondary Ab and staining were performed.  
The uniform β-actin bands confirmed the validity of 
the method.

Statistical and in silico analysis

Differences in protein levels were assessed with 
the use of the nonparametric Kruskal-Wallis test for 
unlinked variables. Spearman’s ranked correlation 
test was used for correlation analysis.

BioEdit, CLC Sequence Viewer, Protein Workshop 
[39], and IARC TP53 R15 Database [31,45] were used 
for in silico analysis.

Results

Trp53 exon 7 sequencing showed the presence of 
4 different missense mutations in blood of the mice. 
One mutation was found in a  7-month-old control 
mouse, another in an 8-12-week-old one. Two muta-
tions were found in PS/APP mice. Both were repeat-
ed twice, thus 44% of PS/APP mice were found to 
carry a missense mutation, compared to only 14% of 
the control mice (Table I, Figs. 1A-D).

The 8-12-week-old control mouse showed the 
presence of a T854G mutation, resulting in Tyr233Asp 
substitution (Fig. 1A). The 7-month-old control mouse 
showed a G859A mutation, causing Met234Ile sub-
stitution (Fig. 1B). The 7-month-old PS/APP mice 
showed the presence of two other mutations: A929T, 
resulting in Ser258Cys substitution; and A857G, 
replacing Met to Val also at position 234 (Figs. 1C, D).

Table I. Identified Trp53 exon 7 mutation: a summary

Mice DNA mutation Amino acid substitution Mutation frequency

n/N n/N/%

Control 8-12 week old T854G Tyr233Asp 1/6 2/14/
14%

Control about 7 month old G859A Met234Ile 1/8

PS/APP about 7 month old A929T Ser258Cys 2/9 4/9/
44%

A857G Met234Val 2/9

n – number of animals with mutations, N – total number of animals in the group, % mice with mutations
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Fig. 1. Identified Trp53 mutations. (A) T854G (8-12-week-old control mouse), (B) G859A (7-month-old control 
mouse), (C) A929T (about 7-month-old PS/APP mice), (D) A857G (about 7-month-old PS/APP mice).

A

B

C

D
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However, analysis of p53, Aβ and Aβ/A4 proteins’ 
level were carried out in tree structures of the mice 
brain: GM, WM and C (Tables II and III, Fig. 2). PS/
APP mice showed tendency to a slightly lowered p53 
level in GM and WM compared to controls of the 
same age and tendency to a greater increase in this 
protein level in these analyzed structures as com-
pared to young controls (Table II). In PS/APP mice 
the increased level of p53 protein was shown also in 
C as compared to controls (Table II).

All mice stained positive for the Aβ/A4 protein 
precursor but only PS/APP mice were Aβ positive 
(Fig. 2). In GM of PS/APP mice, a positive correlation 
between the levels of p53 and Aβ proteins (Spear-
man’s test, Rs = +0.7000, p < 0.05) was shown.

In GM of the 8-12-week-old control mouse with 
the Trp53 T854G mutation we found a lower level of 
p53 as compared to non-mutant mice of the same 
age (Table III, Fig. 2). On the other hand, in the older 

control mouse with the Trp53 G859A mutation, the 
p53 level in the GM was substantially elevated com-
pared to respective non-mutant mice. The GM of PS/
APP mice with the Trp53 A929T and A857G muta-
tions showed only moderate changes in p53 and Aβ 
levels.

The study also revealed varying band staining 
intensities for the Aβ/A4 precursor. In all PS/APP and 
control mice there were triple bands, which were 
more intensive in GM and/or WM than in C (Fig. 2).

Due to the overwhelming sequence similarity 
between human and murine p53, especially within 
the DNA-binding core domain, we tried to estimate 
the potential influence of these four mutations on 
the protein activity with the use of the human IARC 
TP53 database that compiles TP53 variations iden-
tified in human populations and tumour samples 
[31,45]. Tyr233Asp, Met234Ile and Met234Val gener-
ated possibly non-functional or partially functional 

Table II. P53 protein levels in cerebral structures of PS/APP and control mice

Cerebral structure Controls
8-12 week old

Controls
about 7 month old

PS/APP mice
about 7 month old

p value

Grey matter of the cortex (GM) 27.4 ± 11.2 47.9 ± 23.7 44.5 ± 15.7 0.0804

White matter (WM) 29.6 ± 6.6 49.6 ± 21.2 44.3 ± 15.8 0.1342

Cerebellum (C) 32.5 ± 5.8 40.6 ± 16.9 45.2 ± 10.7 0.1182

Results presented as the mean percentage area of immunoreactive bands ± SD. Statistically insignificant differences in Kruskal-Wallis test (p > 0.05).
Spearman’s test: Positive correlation found between p53 levels in GM and WM in 7-month-old control mice (Rs = +0.9762, p < 0.001).
Positive correlation found in GM between Aβ and p53 proteins level in PS/APP mice (Rs = +0.7000, p < 0.05).

Table III. β-amyloid and p53 protein levels in cerebral structures of PS/APP and control mice

About 7 month old PS/APP mice

Trp53 A929T (Ser258Cys) Trp53 A857G (Met234Val) No detected mutations in Trp53

GM WM C GM WB C GM WM C

Aβ [43.2-74.1] [64.1-64.3] [44.6-57.9] [64.1-67.1] [48.6-73.4] [43.0-44.6] [47.2-82.8] [53.0-72.2] [21.4-73.7]

p53 [32.7-43.8] [24.1-59.0] [45.8-46.1] [35.0-45.9] [27.9-41.7] [36.0-45.4] [25.0-65.1] [26.3-67.7] [27.8-68.0]

8-12 week old control mice

Trp53 T854G (Tyr233Asp) No detected mutations in Trp53

GM WM C GM WM C

p53 [10.7] [26.5] [38.9] [20.3-40.5] [19.1-38.2] [24.6-36.0]

About 7 month old control mice

Trp53 G859A (Met234Ile) No detected mutations in Trp53

GM WM C GM WM C

p53 [97.3] [66.7] [34.6] [23.9-60.5] [21.5-83.4] [24.2-75.1]

Results presented as the mean percentage area of immunoreactive bands.
The range between minimum and maximum values or a single value is presented.
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proteins. Met234Val generated a possible new donor 
splice site, while Ser258Cys might abrogate the exon 
7-8 splice site (Table IV, Figs. 3 and 4).

Discussion

Neuronal dysfunction in AD is correlated with 
the deposition of fibrillar aggregates of Aβ in brain 
parenchyma and blood vessel walls [36,46]. Double 
transgenic PS/APP mice show a rapid accumulation 
of both fibrillar and non-fibrillar (diffuse) forms of 
Aβ from 12 weeks of age onwards [16,26]. In PS/APP 
mice, the number of fibrillar Aβ deposits increases 
with age, whereas the changes are less marked in 
terms of the deposit numbers in the diffuse forms. It 
has been shown that in elderly mice, Aβ is deposited 
in the cortex, hippocampus, thalamus and amygdala, 
but is additionally deposited in cerebellar cortex and 

WM of AD patients [16,25]. Our study performed on 
PS/APP mice, along with the studies of Cummings 
et al. [13] in dogs and Feng et al. [17] in rats, demon-
strates that Aβ is deposited in the GM of the cortex 
but also the in C and WM. Due to its deposition in 
the C, Aβ may lead to learning and memory impair-
ments [4]. The study in aged canines has shown that 
Aβ deposition is strongly associated with deficits 
of discrimination, reversal and spatial learning [13]. 
Cummings et al. [13] suggest that Aβ deposition may 
be a contributing factor to age-related cognitive dys-
function prior to the onset of NFTs formation.

The neurotoxic 42-43 amino acid long Aβ pep-
tide is a breakdown product of a much larger pro-
tein, the Aβ/A4 protein precursor – APP [30]. It is 
known that the 4-4.5 kDa Aβ/A4 polypeptide is the 
major protein component of SPs [36]. The formation 
of Aβ/A4-containing plaque-like structures has been 

GM – grey matter of the cortex, WM – white matter, C – cerebellum, Aβ – β-amyloid, Aβ/A4 – amyloid A4 precursor

Fig. 2. Western blot analysis of p53, Aβ and Aβ/A4 protein precursor in three cerebral structures of exper-
imental mice.
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found in GM and WM [5]. It has also been shown 
that Aβ/A4-related peptides may occur in both 
AD and normal subjects, while their production is 
increased in familial AD, where the disease devel-
ops much earlier compared to sporadic AD [12,36]. 
It seems that pathological Aβ/A4 with numerous 
extracellular Aβ deposits, together with different 
levels of its precursor in GM and WM, may be includ-
ed in the pathogenesis of AD [20,30]. Arendt et al. 
[5] have shown that Aβ/A4 deposition is a result of 
a  chronic disturbance of phosphorylation balance, 
which may lead to a reduction of both GM and WM 
in the AD brain. Moreover, it has been indicated that 
intraneuronal Aβ may be a cause of mitochondrial 
[8], lysosomal [23,52] and synaptic [53] dysfunctions 

possibly leading to p53-dependent apoptosis [43] 
and reverse [18].

AD patients, p53-dependent apoptosis leads di- 
rectly to neuronal loss through Aβ42 binding and 
activation of the p53 promoter. The accumulation of 
both Aβ42 and p53 is manifested in some degener-
ating-shape neurons in both transgenic mice and AD. 
Our study demonstrated the presence of Aβ in PS/
APP mice, along with a high p53 level compared to 
younger mice, which may indicate a possible induc-
tion of apoptosis. It has been shown that p53-de-
pendent neuronal apoptosis may also result from 
a  decreased activity of anti-apoptotic PS1 caused 
by p53 protein-protein interactions or by pro-apop-
totic presenilin-2 (PS2), which down-regulates PS1 

Table IV. Analysis of corresponding mutations in the human IARC TP53 database

Murine mutation found Trp53 Tyr233Asp Trp53 Met234Ile Trp53 Met234Val Trp53 Ser258Cys

Corresponding human 
mutation

TP53 Tyr236Asp TP53 Met237Ile TP53 Met237Val TP53 Ser261Cys

Mutation type missense missense in 
DNA-binding loops

missense in 
DNA-binding loops

missense

Assessment of transacti-
vation capacities in yeast 
assays by Kato et al. [31]

non-functional non-functional partially functional functional 

Predicted effect on protein 
function and structure

deleterious,  
non-functional 

deleterious,  
non-functional

deleterious,  
non-functional 

neutral, functional 

Predicted effect on p53 
protein isoforms

all altered all altered all altered all altered

Dominant negative activity yes yes NA NA

Reported mutations  
in human tumors

9 185 12 1

Reported germline mutations 0 1 0 0

Predicted effect on splicing no significant change no significant change acceptor:  
no significant change

donor: new site

sites broken or no 
significant change

NA – not applicable

TP53 zinc-coordinating residues: Cys176, His179, Cys238, Cys242.
Trp53 zinc-coordinating residues: Cys173, His176, Cys235, Cys239.
Trp53 identified mutated residues: Tyr233, Met234, Ser258.

Fig. 3. Human and murine p53 sequence alignment. Mutant and zinc-coordinating residues are shown.
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expression [1,44]. It seems that the elevated p53 
level influences the PS1-mediated abnormalities of 
intracellular calcium levels [14]. As a result, Aβ, PS1, 
PS2 and p53 may all increase the risk of p53-depen-
dent apoptosis in AD.

P53 is a key regulator of multiple cellular process-
es, and depending on the cell type it is activated by 
different stressors to induce apoptosis, autophagic 
cell death, but is also responsible for both, reversible 
and irreversible cell cycle arrest, or senescence [49]. 
The induction of cellular aging by elevated p53 levels 
in response to stress is designed to prevent prolifer-
ation of damaged cells.

Two main groups of signals change p53 acti-
vation. These include DNA damage and oncogenic 
stress as result from cancer and/or aging and may 
be an effect of p53 mutation [34]. Experimental PS/
APP mice have shown 44% of Trp53 gene mutations.

Loss of heterozygosity and TP53 mutations are 
commonly associated with a  variety of tumours 
in humans and in experimental animals [6,22,27]. 
Mutations abrogating p53 function and allelic loss of 
its locus were among the first genetic lesions identi-
fied in glioblastoma multiforme [41]. TP53 mutations 
are also present in all grades of human astrocytoma 
[55] and in the murine model of astrocytoma [48].

A TP53 exon 7 missense mutation has been found 
in an adrenocortical carcinoma patient. Although  
the phenotype was not clinically distinct, authors 
suspect a  hereditary background due to an early 
onset of the disease [56]. In this study we showed 
two missense mutations in PS/APP mice: A929T 
(Ser258Cys) and A857G (Met234Val), possibly alter-
ing p53 function as both are located within the cen-
tral DNA-binding core domain (DBD). The DBD is 
responsible for binding LIM domain only protein 3 
(LMO3), which is a  confirmed human neuroblasto-
ma oncogene [35]. Reverse Val→Met substitutions 
at codons 216 and 272 have also been demonstrat-
ed in brain carcinoma, and this mutation is partic-
ularly important in mediating the normal function 
of p53 [41]. Mineta et al. [38] have demonstrated 
a TP53 exon 7 Ser241Cys substitution in head and 
neck tumours. Moreover, patients with p53 missense 
or nonsense mutations survived an average of only  
12.5 months after diagnosis, while non-mutated sub-
jects survived more than 160 months after diagno-
sis, and 43% of these examined tumours presented 
a low p53 level and 32% had increased p53 levels. It 
seems that also mutant Trp53 tends to impact the 

p53 expression level in all analyzed structures of 
experimental PS/APP mice.

Our study also demonstrated a missense muta-
tion (T854G) in a  young control mouse, resulting 
in a Tyr233Asp substitution, along with a tendency 
to a low p53 expression in the GM. Reilly et al. [48] 
have shown that the TP53 gene is often mutated in 
a  subset of astrocytomas that develop at a  young 
age and progress slowly to glioblastoma [55]. None-
theless, one of our 7-month-old control mice showed 
a  G859A (Met244Ile) missense mutation, which 
seems to be related with an increased p53 level in 
GM. Overexpression of p53 in the process of aging 
has been shown by Tyner et al. [54], Garcia-Cao et al. 
[21] and Mendrysa et al. [37], and is accompanied by 
decreased longevity, osteoporosis, generalized organ 
atrophy, and diminished stress tolerance.

All of the aforementioned mutations, apart from 
the Tyr233Asp substitution, involve either removal or 
introduction of sulphur atoms into p53. Three of our 
mutations (Tyr233Asp, Met234Ile, Met234Val), along 
with the mutation found by Mineta et al. [55] (Ser-
241Cys in TP53, corresponding to Ser238Cys in Trp53), 
are located in or neighbour loop 3 – a region rich in 

Zinc-coordination: Cys173, His176, Cys235, Cys239. Identified 
mutated residues: Tyr233, Met234. Zinc (Zn) atom is indicated by 
an arrow. Not all atoms are shown for clarity of image.

Fig. 4. Coordination of zinc in p53. Based on 1HU8 
crystal structure by Zhao et al. [58].
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methionine and cysteine residues. It has been found 
that two of these residues, i.e. Cys235 and Cys239, 
along with Cys173 and His176, coordinate a  zinc 
atom forming a  structure crucial for DNA binding 
[11,47]. The Ser238Cys substitution [55] is therefore 
located one residue upstream of a zinc-coordinating 
cysteine. The identified Met234Ile and Met234Val 
substitutions are also located one residue upstream 
of such a cysteine, while the Tyr233Asp is just two 
residues upstream [58]. Although the Ser258Cys 
substitution is located downstream of the zinc- 
coordinating domain, not only does it disturb a dou-
ble serine motif, but more importantly it spans across 
the exon 7-8 junction. The corresponding A929T 
substitution decreases the mathematical score of 
the 5’ splice site, but its impact on the site stabili-
ty remains undetermined. Although both mutations 
found in PS/APP mice could possibly inactivate p53, 
their effect on p53 and Aβ levels is not so apparent, 
most likely due to heterozygosity and the fact that 
a  faulty p53 could still bind its antibody. Similarly, 
the reason that the Met234Ile and Tyr233Asp substi-
tutions would impact p53 levels in the GM of control 
mice remains unsolved.

In conclusion, the transgenic PS/APP mice, which 
simulate AD, carry a missense Trp53 exon 7 mutations 
about four times more frequently than controls. In  
PS/APP mice, the A929T (Ser258Cys) and A857G  
(Met234Val) mutations may alter p53 expression in 
a  similar manner. However, in the GM of the control 
younger mouse, the Trp53 T854G (Tyr233Asp) muta-
tion may be connected with a decreased level of p53, 
while in the same structure of the brain of the con-
trol 7-month-old mouse, the Trp53 G859A (Met234Ile) 
mutation may be associated with increased the p53 lev-
el as compared to non-mutated mice of the same age. 
Moreover, the GM of PS/APP mice has shown a positive 
correlation between levels of p53 and Aβ. Trp53 muta-
tions found in this study may impact the murine p53 
function as shown by the in silico analysis and possibly 
also be associated with the degenerative process.
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