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Abstract 
Alzheimer’s disease (AD) leads to the generation of β-amyloid (Aβ), which may damage DNA and 
thus lead to apoptosis induction by the p53 pathway. Dysfunction of the p53 protein may then be 
connected with the development of AD. Studies were conducted on 28 AD patients and 30 non-AD 
controls. Analysis of TP53 mutations in exon 7 was performed on DNA isolated from whole blood 
and biochemical parameters in the peripheral lymphocytes of these individuals. Our study showed 
a silent mutation TP53 C708T (21%) [p < 0.05] and a missense mutation TP53 C748A (4%) only in 
the AD patients. Moreover, in AD patients with the TP53 C748A mutation, the level of 8-oxo-2’- 
deoxyguanosine (8-oxo2dG) was more than 5 times higher than the average level in this study 
group. In AD patients with the wild-type TP53 gene, the level of 8-oxo2dG was correlated with the 
level of protein p53 (R = +0.7388, p < 0.05). The level of the oxoguanine DNA glycosylase 1 (OGG1) 
protein was similar in AD patients with the silent mutation and the wild-type gene TP53 (p < 0.05) 
and lower than in the controls. It appears that mutations in exon 7 of TP53 (C748A, C708T) may be 
associated with pathogenesis of AD. 
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1. Introduction 
Alzheimer’s disease (AD) is one of the most important neurodegenerative diseases. A number of factors are in-
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volved in the pathogenesis of AD, e.g. amyloid precursor protein (APP). Mutations in the APP gene account for 
familial AD (FAD) which is caused by changes which result in an increase of the β-amyloid (Aβ) level in the 
processing of this gene [1]. An elevated level of Aβ may generate free radicals, which may then oxidize macro-
molecules, such as DNA [2]-[5]. 

Among the markers of oxidative DNA modifications, 8-oxo-2’-deoxyguanosine (8-oxo2dG) is the most ab-
undant product of hydroxyl-induced oxidation in the purine bases of nucleic acids. Variable levels of 8-oxo2dG 
have been shown in both the brain [6] [7] and peripheral blood lymphocytes of AD patients [8] [9]. Furthermore, 
it has been demonstrated that in humans, 8-oxoguanine DNA glycosylase 1 (OGG1) is the main DNA repair 
enzyme that excises 8-oxo2dG from DNA [9]. A study by Dorszewska et al. [9] showed that the expression of 
three isoforms of OGG-1a, 1b, and 1c changes to the levels of 8-oxo2dG in the peripheral blood lymphocytes of 
AD patients.  

It was postulated that decreased expression of OGG1 may lead to higher background mutation frequency, e.g. 
GC → AT [10]. This type of mutation is commonly observed in the tumor suppressor TP53 gene [10]. Accord-
ing to De la Monte and Wands [11], the p53 protein can be involved in neuronal death in AD patients, and its 
transcription is up-regulated at the early stages of the disease and down-regulated during the neurodegenerative 
process. TP53 gene mutants have also been found in various cancers. There is accumulating evidence pointing 
to the contribution of oxidative stress in both AD and cancer [12]. Postmortem studies have shown underre-
ported signs of AD in patients diagnosed with brain tumors, thus disclosing a putative crosslink between the p53 
pathway and degeneration [13].  

The purpose of this study was to analyze of the TP53 gene mutations in exon 7 and the extent of oxidative 
DNA damage (8-oxo2dG) as well as expression of p53 and OGG1 protein levels in the peripheral lymphocytes 
of AD patients and controls. 

2. Materials and Methods 
2.1. Patients and Control Subjects 
The studies were conducted on 28 patients with AD, including 15 women and 13 men aged 52 - 85 years. Pa-
tients with AD were diagnosed according to the criteria of the National Institute of Neurological and Commu-
nicative Disorders–Alzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA) [14]. The pa-
tients were not screened for the presence of known mutations in the APP or PSEN genes. 

The control group included 30 non-AD individuals, 17 women and 13 men aged 40 - 83 years. None of the 
control subjects had verifiable symptoms of dementia or any other neurological disorders. 

A local ethical committee approved the study and written consent of all the patients or their caregivers was 
obtained. 

2.2. Mutation Analysis of the TP53 Gene in Exon 7 
DNA for genotyping was isolated from whole blood by standard procedure. TP53 mutation analysis was carried 
out on DNA using PCR and DNA sequencing with the use of primers targeting exon 7, designed with Primer 3+ 
software. The following primers were used: TP53F: GCGCACTGGCCTCATCTT and TP53R:  
AGGGTGGCAAGTGGCTC. PCR was carried out in 20 μl of mixture containing: 11.6 μl of Mili-Q water, 2.0 
μl of 10x PCR buffer without MgCl2 (Novazym, Poland), 0.8 μl of MgCl2 solution (25 mM, Novazym, Poland), 
2.2 μl of primer solution, 1.1 μl dNTPs (Novazym, Poland), 0.3 μl Allegro Taq polymerase (Novazym, Poland), 
and 2 μl of the tested DNA. The annealing temperature was optimized to 62˚C and the PCR was performed for 
35 cycles. Quality of the product was analyzed by standard gel electrophoresis. 

The PCR product (see Figure 1) was purified and sequenced according to a standard protocol at the Labora-
tory of Molecular Biology Techniques at the Faculty of Biology, Adam Mickiewicz University, Poznan, Poland. 
The samples were analyzed with sequencer 3130xl Genetic Analyzer (Applied Biosystems HITACHI, USA). 
All samples showing the presence of mutations were re-analyzed to confirm the presence of specific changes. 
The sequencing results were analyzed using BioEdit software based on a reference sequence. 

2.3. Determination of 8-oxo2dG 
Isolation of DNA. DNA was isolated from peripheral blood lymphocytes by five-fold centrifugation in a lytic  
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Figure 1. Results of agarose gel electrophoresis of the 
PCR product of the TP53 gene in exon 7.             

 
buffer containing 155 mM NH4Cl, 10 mM KHCO3, 0.1 mM Na2EDTA, and pH 7.4 in the presence of a buffer 
containing 75 mM NaCl, 9 mM Na2EDTA, pH 8.0, sodium dodecyl sulfate and proteinase K (Sigma, St. Louis, 
MO). Subsequently, NaCl was added, the lysate was centrifuged, and DNA present in the upper layer was pre-
cipitated with 98% ethanol.  

Enzymatic hydrolysis of DNA to nucleosides. DNA was hydrolyzed to nucleosides using P1 nuclease (Sigma) 
for 2 h at 37˚C in 10 mM NaOAc, pH 4.5. The solution was buffered with 100 mM Tris-HCl, pH 7.5. Subse-
quently, the DNA was hydrolyzed with alkaline phosphatase (1U/µl; Roche, Germany) for 1 h at 37˚C and the 
obtained nucleoside mixture was applied to a high performance liquid chromatography system with both elec-
trochemical and ultraviolet detection (HPLC/EC/UV). 

Estimation of 8-oxo2dG. To determine the 8-oxo2dG levels the nucleoside mixture was applied to the HPLC/ 
UV system (P580A; Dionex, Germany), coupled to an electrochemical detector (CoulArray 5600; ESA, USA). 
Nucleosides were separated in a Thermo Hypersil BDS C18 (250 mm × 4.6 mm × 5 µm) column (Germany). 
The system was controlled and data were collected and processed using Chromeleon software (Dionex, Germa-
ny). The results were expressed as a ratio of oxidized nucleosides in the form of 8-oxo2dG to unmodified 2’dG 
[15]. 

2.4. Estimation of OGG1 and p53 Proteins Levels 
Isolation of protein. Blood was gradiated onto gradisol L at a 1:1 ratio and centrifuged, followed by collection of 
the interphase which was then rinsed in PBS buffer (0.9% NaCl in phosphate buffer) and centrifuged. The ob-
tained lymphocyte precipitate was rinsed with radioimmunoprotein assay (RIPA) buffer (50 mM Tris-HCl, pH 
7.2, 150 mM NaCl, 1% IGEPAL CA-630, 0.05% SDS, and 1% sodium deoxycholate), supplemented with a 
protease inhibitor cocktail (Sigma), homogenized in a mixture of RIPA with protease inhibitor cocktail (16:1) 
and 0.5 µl PSMF (Sigma) in isopropanol (10 mg/100 µl), and centrifuged. The obtained supernatant then un-
derwent further analysis [16]. 

Western blot. The OGG1 protein was analyzed in 12% and the p53 protein was analyzed in 7.5% polyacry- 
lamide gel. Equivalent amounts of protein (30 µg protein/lane) were loaded to the wells. The gel-separated pro-
teins were electrotransferred to a nitrocellulose filter in a semidry Western Blot analysis apparatus (Apelex, 
France). To estimate the levels of the OGG1 protein, the filters were exposed first to an anti-OGG1/2 goat poly-
clonal antibody (G-20, IgG, 200 µg/1.0 ml; Santa Cruz, USA), and for the p53 protein, anti-p53 mouse mono-
clonal antibody (IgG-2a, 200 µg/1.0 ml; Santa Cruz, USA) diluted 1:500.  

Subsequently, individual sheets of nitrocellulose filter were incubated with the second antibody; for the 
OGG1 protein this was mouse anti-goat IgG-HRP (200 µg/0.5 ml; Santa Cruz, USA) and for p53 protein this 
was goat anti-mouse IgG-HRP (200 µg/0.5 ml; Santa Cruz, USA) at a dilution of 1:2000. Peroxidase BMB was 
added (BM blue POD substrate precipitation; Roche, Germany) to stain the immunoreactive bands. The surface 
area of the immunoreactive bands was registered using a densitometer (GS-710; Bio-Rad, Hercules, CA) in the 
Quantity One System [9] [17]. 

2.5. Statistical Analysis of the Results  
The obtained data were evaluated using Kruskal-Wallis and Fischer exact tests. Correlations between the ob-
tained results were tested using the Spearman test. 

GraphPad (Instant, USA) and Statistica for Windows (Stat Soft, USA) were used to perform statistical analy-
ses of the results. 
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3. Results 
Our studies revealed the presence of two different mutations only in AD patients, a silent mutation TP53 C708T 
(Y236Y) in six patients (21%) [Fischer’s exact test, p < 0.05] and a missense mutation TP53 C748A (P250T) in 
one patient (4%) (see Table 1, Figures 2(a) and (b)). 

 

 

 
(a) 

 

 
(b) 

Figure 2. Mutations of the TP53 gene in exon 7 in AD patients; 2A, TP53 C748A (P250T) 
missense mutation (M) and wild-type (WT); 2B, TP53 C708T (Y236Y) [reverse strand] si-
lent mutation (M) and wild-type (WT).                                          
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Table 1. Identified TP53 mutation in exon 7 in AD patients.                           

Subject DNA mutation Amino acid substitution Mutation frequency n/% 

AD patients C748A P250T 1/4 

AD patients C708T Y236Y 6/21* 

Controls None None - 

n-Number of patients with mutations. Fischer’s exact test, *p < 0.05. 
 

In the AD patient with the TP53 C748A missense mutation was shown that the level of 8-oxo2dG was more 
than 5 times higher (298.0 × 10−5) than the average level in the AD group (see Table 2). However, in this AD 
patient the level of the p53 (87.1) and OGG1 (12.2) proteins was similar to the average level in patients with AD 
(see Table 2). 

In the AD patients with the TP53 C708T silent mutation, slightly elevated levels were shown of the 8-oxo2dG 
and p53 proteins as compared to patients with the wild-type TP53 gene and controls (see Table 2, Figure 3). 
However, the OGG1 protein level was similar in AD patients with and without the TP53 C708T mutation and at 
the same time in these patients was about two times lower than in the controls. This study also demonstrates that 
in AD patients with the wild-type TP53 gene the level of 8-oxo2dG correlated with the level of the p53 protein 
(Spearman test, R +0.7388, p < 0.05, see Table 2, Figure 3). 

4. Discussion 
In AD various factors, e.g. elevated level of Aβ [2]-[5], may lead to the generation of oxidative stress and oxida-
tive DNA damage [18]. It was shown that the neurotoxic 42 - 43 amino-acid-long Aβ peptide is a breakdown 
product of a much larger protein, i.e. the Aβ/A4 protein precursor—APP [19]. Moreover, the 4 - 4.5 kDa Aβ/A4 
polypeptide is probably the major protein component of senile plaques (SPs) [20]. It was also shown that 
Aβ/A4-related peptides may occur in both AD and normal subjects, while their production is increased in FAD 
[20] [21]. Moreover, it has been indicated that intraneuronal Aβ may be the cause of mitochondrial [22], lyso-
somal [23] [24] and synaptic [25] dysfunctions which possibly lead to apoptosis [26] and oxidative degenera-
tion. 

8-Oxo-2dG or its nucleoside is one of the markers of oxidative DNA modification. Moreover, 8-oxo2dG is 
considered to be a marker of oxidative DNA damage in degenerative diseases, cancer and aging process. As has 
been shown in the literature, oxidative DNA damage in AD (8-oxo2dG) may occur both in the central nervous 
system [6] [7] as well as in the peripheral lymphocytes [8] [9] [27] [28]. Studies by Dorszewska et al. [8] [9] 
[27], Dezor et al. [17] as well as this study on the peripheral lymphocytes of AD patients have demonstrated 
elevated 8-oxo2dG levels. 

Studies by Dezor et al. [17], Dorszewska et al. [9] [29] and this study have also shown that nucleotide oxida-
tion, reflected by an elevated 8-oxo2dG level in AD patients, may be associated with a decrease in the level of 
the OGG1 protein and/or by a decrease in the mitochondrial OGG1-1b isoform’s expression. Further studies by 
Iida et al. [30] indicated that the reduction in OGG1 expression in the brains of patients with AD was accompa-
nied by the formation of neurofibrillary tangles (NFTs), axonal dystrophy and reactive astrocytes. However, 
Mao et al. [31] demonstrated that the decreased excision activity of OGG1 in patients with AD may be affected 
by mutations in the gene encoding OGG1. In Mao et al.’s study, the presence of mutations was shown in 4 out of 
14 patients with AD, where two patients possessed C796 deletions that completely eliminated the activity of the 
OGG1 enzyme and two patients carried single point mutations that led to distinctly decreased activity of the 
OGG1. Moreover, literature data indicated that oxidative DNA damage may induce different types of transver-
sions in genes coding DNA repair (OGG1) [10] [30]. 

It has also been shown that oxidized guanine in DNA induces GC-to-AT transversion-type point mutations. 
The same type of mutation and the loss of heterozygosity have also been observed in the tumor suppressor TP53 
gene and are commonly associated with a wide variety of tumors in humans and in experimental animals [10] 
[32]-[34]. Mutations abrogating of p53 function and allelic loss of its locus were among the first genetic lesions 
identified in glioblastoma multiforme [35]. TP53 mutations are also present in all grades of human astrocytoma 
[36] and in the murine model of astrocytoma [37].  
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Figure 3. Western blot analysis of OGG1 and 
p53 protein levels, 1 - 8 controls and 9 - 16 
AD patients.                            

 
Table 2. Level of 8-oxo2dG (8-oxo2dG/dG × 10−5), p53 and OGG1 proteins (% area immunoreactive 
bands) in AD patients with and without the detected TP53 C708T mutation and controls.                

Parameters Controls 
AD patients 

p 
TP53 C708T Wild-type TP53 With and without TP53 mutations 

8-oxo2dG 37.3 ± 20.4 51.8 ± 35.3 38.7 ± 31.8 52.9 ± 63.0 0.8765 

p53 71.5 ± 22.6 89.7 ± 8.8 77.5 ± 15.6 80.9 ± 14.5 0.6047 

OGG1 29.8 ± 25.2 12.9 ± 5.1 12.7 ± 2.1 12.7 ± 3.0 0.8240 

Mean ± SD. No significant differences in the Kruskal-Wallis test. AD patients with the wild-type TP53 gene, Spearman coeffi-
cient +0.7388 between 8-oxo2dG and p53 protein levels (p < 0.05). 

 
Furthermore, the mutations in AD patients that were shown in this study turned out to be similar to mutations 

that were previously described in various cancers. Simultaneously, as in this study, in exon 7 of the TP53 gene of 
AD patients with no history of cancer the synonymous variant TP53 C708T was reported by Zhang et al. [38] to 
be present in rectal cancer. Moreover, the missense mutation TP53 C748A was found by Boersma et al. [39] in 
breast cancer. A TP53 missense mutation in exon 7 was also found in an adrenocortical carcinoma patient. Al-
though the phenotype was not clinically distinct, the authors suspected a hereditary background due to early on-
set of the disease [40]. 

It seems that in AD the missense TP53 C748A mutation may be associated with an increase in oxidative stress, 
as in this study the tendency for a significant increase in the 8-oxo2dG level was observed only in the patient 
with this mutation. It also appears that in this AD patient elevated level of 8-oxo2dG could have induced the re-
pair system of oxidative DNA damage by a tendency to increase the p53 protein level.  

P53 is a key regulator of multiple cellular processes, and depending on the cell type it is activated by different 
stressors to induce apoptosis or autophagic cell death; but is also responsible for reversible and irreversible cell 
cycle arrest, or senescence [41]. The induction of cellular aging by elevated p53 levels in response to stress is 
designed to prevent proliferation of damaged cells. Two main groups of signals influence the p53 pathway. 
These include DNA damage and oncogenic stress as a result of cancer and/or aging which may be induced by 
p53 mutation [13]. 

There have been reports in the literature indicating that the p53 protein participates in neuronal apoptosis in 
the brains of AD patients [11] and can typically be associated with increased expression of p53. An increase in 
the p53 protein level has been shown both in the cultures of human and rat neurons and astrocytes as well as in 
the peripheral blood lymphocytes and brains of patients with AD [17] [29]. 

A study by Ohyagi et al. [26] suggested that in AD patients, p53-dependent apoptosis leads directly to neu-
ronal loss through Aβ42 binding and activation of the p53 promoter. The accumulation of both Aβ42 and p53 is 
manifested in some degenerating-shape neurons in AD. 

A study by Dorszewska et al. 2013, unpublished data] demonstrated the presence of Aβ in PS/APP mice 
along with a high p53 level as compared to younger mice, which may indicate the possible induction of apopto-
sis. It has been shown that p53-dependent neuronal apoptosis may also result from decreased activity of anti- 
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apoptotic PS1 caused by p53 protein-protein interactions or by pro-apoptotic presenilin-2 (PS2), which 
down-regulates PS1 expression [18] [42]. It seems that the elevated p53 level influences PS1-mediated abnor-
malities of intracellular calcium levels [43]. On the other hand, it seems that in this study the silent mutation 
C708T in the TP53 gene causes a slight (although varied) increase in p53 protein levels in AD patients. However, 
p53 protein levels were more varied in patients without the mutation than in patients with the mutation, probably 
due to the impact of other factors.  

It is known that mutations in DNA cause a change of the sequence in the corresponding mRNA and may in-
fluence its stability, thus affecting the number of mRNA copies translated into protein (e.g. p53). At the same 
time, the presence of SNPs has been associated with changes of methylation pattern affecting the genes expres-
sion [44]. Moreover, has been suggested that the change in mRNA may alter the target of expression modulating 
factors which would result in misbalanced expression of p53. 

However, a study by Uberti et al. [45] on fibroblasts from seven sporadic AD patients did not reveal the pres-
ence of mutations in exons 1 - 11 of the TP53 gene. This difference might be explained by the small number of 
studied AD patients. 

In conclusion, it seems that both of the analyzed mutations of TP53 (C748A, C708T) gene in exon 7 may be 
involved in neurodegenerative processes in this study in AD patients. It is possible that the missense mutation, 
C748A, may be responsible for generating oxidative stress, which is represented by an elevated level of 
8-oxo2dG. Moreover, the synonymous mutation, TP53 C708T, may lead to modification of p53 protein activity. 

However, the suggested action mechanisms of both variants in AD require further studies, an analysis of both 
exons 1 - 11 of the TP53 gene and the biochemical parameters of oxidative stress on a cohort of AD patients 
with varying degrees of dementia. In vitro point mutation studies are also required.  
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