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A b s t r a c t

Protein p53 is known to induce the cell cycle arrest and apoptosis in response to a variety of cellular distress signals 
and DNA damage. A recent study has demonstrated that in blood cells of aging subjects, p53 may induce early patho-
logical changes that precede the amyloidogenic cascade. However, it is not clear whether p53 participates in the local 
deposition of amyloid-beta peptide (Aβ) in the nerve tissue of normal aging subjects. Therefore, in the present study, 
we analyse the distribution of both (Aβ and p53) proteins in the cerebellum of individuals without any history of 
dementia or other neurological illness who died suddenly in traffic accidents.
We found that in the subjects at the beginning of their aging process (60-65 years of age) Aβ deposits were localized 
in subependymal areas of the cerebellar cortex and such deposits were not linked to the presence of p53 in the nerve 
tissue. In groups of subjects over 65 years of age, numerous Aβ diffuse plaques were scattered throughout the cerebellar 
cortex. In these subjects, p53 protein was detected in the cytoplasm or in the nucleus of the cerebellar nerve cells.
All the results lead to the conclusion that in nerve tissue p53 participates in the process of neurodegeneration and 
then it is involved in the deposition of Aβ in the nerve tissue. 
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Introduction

The brain as any other organ shows morphologi-
cal changes with the increasing age. In humans, most 
prominent morphological features of the brain aging 
include extracellular deposits of amyloid and intra-
cellular neurofibrillary tangles. Amyloid deposits may 
take a form of diffuse, neuritic or senile plaques and 
angiopathy in small blood vessels. The main compo-
nent of such deposits is beta-amyloid (Aβ) which is 

a  fragment of the amyloid precursor protein (APP) 
snipped from APP during its metabolism.

Clinical symptoms at the beginning of human aging 
are characterized by a  decrease in muscle strength, 
impairment of vision, and diminution of hearing but 
progress of aging leads to the further symptoms 
such as loss of memory for recent events, decreased 
abstract thinking, disorientation and dementia includ-
ing Alzheimer’s disease (AD). 
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Currently, with the increasing life expectancy 
across the world, problems inherent in aging are  
the focus of the intensive study. A substantial body  
of evidence suggests that the lifespan is under genet-
ic control but decades of quest for human longevity 
genes were not successful. Results of the studies sug-
gest that the epigenetic mechanisms probably play 
a role in modulating the lifespan [13,23,34]. Moreover, 
these studies document that the heritability of epi-
genetic age acceleration in various brain regions is 
different and that the heritability of age acceleration 
of the cerebellum appears to be higher than that of 
the frontal cortex, pons or temporal cortex.

The role of the cerebellum in motor coordination 
of the body movement is well known [8,11,35] but 
increasing evidence shows that the cerebellum plays 
also a significant role in cognitive functions such as 
attention, language, emotional behaviour, sleep, and 
even non-somatic visceral responses [21,29].

A distinct functional topography for the cerebellum 
has been shown, reflecting connections to distribut-
ed circuits within the central nervous system (CNS) 
[31,32]. These include loops associated with cognitive 
processing where the cerebellum exerts a modulating 
effect that may be impaired in neuropsychiatric dis-
eases [20,24-27].

Coupling within various neural networks and brain 
systems is known to be affected by amyloid patholo-
gy in AD [4,6,18,28], but also in elderly subjects with 
normal cognitive performance effects of brain amy-
loidosis on functional integrity of the cerebro-cerebel-
lar system has been documented [2]. Moreover, brain 
amyloidosis-related changes in cerebro-cerebellar 
coupling indicate brain regions with particular vulner-
ability to amyloid-associated pathology [29,30]. 

For the last few decades, the prevention and 
treatment of the cognitive disorders including AD 
has remained a  major challenge for clinicians and 
scientists. In view of existing and emerging thera-
peutic compounds, the focus has increasingly shift-
ed to accurate detection of the earliest phase of the 
illness. Results of performed studies with a  wide 
variety of different proteins such as inflammatory 
markers, markers of oxidative stress, apolipoproteins, 
and markers of neuronal degeneration suggest [3,36] 
that the measurement of conformational altered p53 
in blood cells has a high ability to early discriminate 
AD cases from normal aging [14]. It was also observed 
that such defective p53 when influenced by very low 
concentrations of soluble Aβ, may induce at a cellu-

lar level, early pathological changes that precede the 
amyloidogenic cascade.

A recent study has demonstrated that Aβ is linked 
to functional reorganization within the cerebro- 
cerebellar system, taking place in elderly individuals 
with normal cognitive performance. However, it is 
not clear whether p53 protein participates in local 
deposition of Aβ in cerebellar of normal aging sub-
jects as it was observed in the cells of peripheral 
tissues. Therefore, in the present study, we analyse 
the distribution of both proteins in the cerebellum of 
individuals without any history of dementia or other 
neurological illness and who died suddenly in traffic 
accidents.

Material and methods

The study was performed performed on archival 
material of brain sections collected routinely at autop-
sies. All subjects were victims of traffic accidents  
in which they participated as drivers or as pedes-
trians. Paraffin blocks were drawn from the files of  
the Mossakowski Medical Research Centre, Polish 
Academy of Sciences, Warsaw, Poland. Serial sections  
5 μm thick were stained with H&E for routine histo-
logical examination or used for immuno-histochem-
ical study.

Immunohistochemistry was performed using 
specific primary antibodies: 
– �monoclonal mouse anti-human p53 protein Clone 

DO-7 Code No. M 7001 Lot 075 was purchased from 
DAKO and supplied in liquid form as tissue culture 
supernatant (RPMI 1640 medium containing foetal 
calf serum) dialysed against 0.05 M Tris/HCl, pH 7.2 
containing 15 mM NaN3. The DAKO antibody recog-
nizes an epitope in the N-terminus of the human 
p53 protein. The epitope for the antibody is known 
to be residing between amino acids 19 to 26; 

– �monoclonal mouse anti-β-amyloid 4G8 which rec-
ognizes an epitope residing between amino acids 
17-24 of Aβ protein was purchased from BioLeg-
end;

– �polyclonal rabbit anti-β-amyloid which recognizes 
an epitope residing between amino acids 1-42 pro-
tein of Aβ was purchased from Bio-Rad; 

– �alkaline phosphatase-avidin-biotin conjugate pur-
chased from Santa Cruz Biotechnology, Inc. (USA); 

– �avidin-biotin-peroxidase complex system purchased 
from Vector Laboratories (USA); 

– �and all of them were used according to the manu-
facturer’s recommendations. 
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Briefly, sections were dewaxed and hydrated 
through descending alcohols to water. For non-en-
zymatic antigen retrieval, tissue sections were heat-
ed in 0.01 M sodium citrate buffer (pH 6.0) to 95°C 
and allowed to cool for 20 min at room temperature 
and washed with PBS. Then, they were incubated in 
a solution of methanol containing 3% H2O2 for 20 min 
to quench endogenous peroxidase. Washed again in 
PBS and blocked with a solution of PBS containing 5% 
appropriate normal serum (rabbit or mouse) for 2 h at 
room temperature, sections were incubated overnight 
at 4°C in solutions of the primary antibody. Immunore-
actions were visualized using biotinylated secondary 
antibodies and ABComplex/HRP or an alkaline phos-
phatase-avidin-biotin conjugate. Then, sections were 
lightly counterstained with Mayer’s haematoxylin. 

For negative controls, primary antibodies were 
replaced with an appropriate isotypic normal mouse 
or rabbit immunoglobulin fraction at matched pro-
tein concentration. These were included for the 
examination of each specimen and consistently pro-
duced negative results.

Results 

Data pertaining to the groups of drivers and 
pedestrians who were victims of traffic accidents 

are shown in Tables I and II. Amyloid β peptide and 
p53 protein were found in approximately 50% of 
subjects. The immunoexpression and distribution of 
both proteins in cerebella of drivers were similar as 
in age-matched groups of pedestrians. In the group 
of subjects of 55-65 years of age, deposits of Aβ in 
form of diffuse plaques were detected only at the 
most peripheral areas of the cerebellar cortex (Table I). 
In groups of the older subjects, such plaques were 
scattered throughout the molecular and Purkinje cell 
layers (Fig. 1). Plaques were of different size and pecu-
liar shape (Fig. 2). 

Distribution of p53 protein in the cerebellum was 
clearly linked with the layer of the Purkinje cells (Fig. 3).

In the youngest groups of subjects (55-65 years 
of age), p53 was not detected in groups of the older 
individuals, p53 immuno-positive grains were found 
only in cytoplasm of some Purkinje cells (Table II). 
These grains were cumulated in the cytoplasm 
around the nucleus of the cells (Fig. 4).

In numerous Purkinje cells and other nerve cells, 
p53 was detected also within the cell nucleus (Table II 
and Fig. 5) but never simultaneously in the nucleus and 
in cytoplasm of the same cell. Accumulation of p53 
protein in the cell nucleus precedes the cell degener-
ation and death. In the double immunostained tissue 

Table I. Distribution of amyloid β deposits in the cerebellum of subjects participating in traffic accidents

Groups Number Age Areas of cerebellar cortex White matter

Drivers SM ML PC GL

7 55-65 4/7 0/7 0/7 0/7 0/7

9 66-75 5/9 5/9 3/9 0/9 0/9

5 76-85 4/5 4/5 4/5 0/5 0/5

Pedestrians 8 55-65 5/8 0/8 0/8 0/8 0/8

7 66-75 5/7 5/7 5/7 0/7 0/7

6 76-85 4/6 4/6 4/6 0/6 0/6

SM – submeningeal area of the cerebellar cortex, PC – Purkinje cell layer, ML – molecular layer of the cerebellar cortex (whole), GL – granular layer

Table II. Distribution of p53 protein in the cerebellum of subjects participating in traffic accidents 

Groups Number Age Distribution of p53 within the cell

Drivers Cytoplasm Nucleus

ML PC GL ML PC GL

7 55-65 0/7 0/7 0/7 0/7 0/7 0/7

9 66-75 0/9 5/9 0/9 0/9 4/9 0/9

5 76-85 0/5 3/5 0/5 0/5 4/5 0/5

Pedestrians 8 55-65 0/8 0/8 0/8 0/8 0/8 0/8

7 66-75 0/7 4/7 0/7 0/7 4/7 0/7

6 76-85 0/6 3/6 0/6 0/6 4/6 0/6

ML – molecular layer, PC – Purkinje cells, GL – granular layer
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Fig. 2. Peculiar “stick-like” shape of the amy- 
loid β deposit in the cerebellum of the subject 
(driver), 72 years of age. Immunoreaction visu-
alized with avidin-biotin-peroxidase complex/
DAB. Magnification ×200.

Fig. 3. Amyloid β immunopositive fibrous material 
coming from degenerating nerve cells of the Pur-
kinje cell layer of the cerebellum. Subject 72 years 
of age. Immunoreaction visualized with avidin-bi-
otin-peroxidase complex system/DAB. Magnifica-
tion ×200.

Fig. 1. Diffuse deposits of amyloid β protein in 
molecular and Purkinje cell layers of the cere-
bellum. Pedestrian, 68 years of age. Immunore-
action visualized with avidin-biotin-peroxidase 
system/DAB. Magnification ×200.

sections, co-localization of Aβ and p53 in the same 
cells was not found.

Discussion

Cerebro-cerebellar couplings modulate the motor 
and cognitive functions of the human brain. In aging, 

these systems may be disordered by Aβ deposits. 
The source of Aβ is the amyloid precursor protein 
(APP) which is a normal structural protein of the cell 
membrane widely distributed throughout the body. 
Numerous environmental factors including the aging 
process, increase catabolism of APP and deliver dif-
ferent fragments of Aβ that are quickly removed from 
the peripheral tissues but some of them may cumu-
late in cerebro-spinal fluid (CSF). Although, the brain 
barrier mechanisms control arrival to the CNS of dif-
ferent products and support the clearance of harm-
ful metabolites, the subependymoma regions of the 
CNS are less controlled by such mechanisms, there-
fore, they may be affected by some systemic diseas-
es including amyloidogenic processes. In the present 
study, amyloid deposits of such localization were 
found in cerebella of our individuals that were at the 
beginning of their aging process. Moreover, lack of 
such deposits in any other areas of the cerebellum 
document that in this period of aging, metabolism 
of APP and the increased concentration of Aβ in the 
peripheral tissues preceded the same process in the 
cerebellum. Protein p53 was not detected in cerebel-
la of those individuals suggesting that p53 did not 
participate in the formation of Aβ plaques of such 
subependymoma localization. In addition, results 
obtained in the present study confirm the previous 
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observations that in other areas of the CNS, the effi-
ciency of the blood-brain barrier may play an import-
ant role in the formation of AB deposits, and suggest 
also that creation of such deposits is independent of 
the p53 local activity. 

However, in the groups of older subjects (over 65 
years of age), p53 was detected in numerous nerve 
cells of the cerebellar cortex. In some Purkinje cells 
we found this protein in cytoplasm but in others in 
the cell nucleus. 

In the normal post mitotic cell as nerve cells are, 
the concentration of p53 protein is generally below 
the detection level of immunohistochemical methods.

Nevertheless, in all such cells endoplasmic reticu-
lum (ER) is responsible for the synthesis and folding 
of different proteins including p53 which are enter-
ing the secretory/tertiary pathway. Many post-trans-
lational modifications that ensure protein function 
occur in this organelle [9,17].

A variety of physiological perturbations can inter-
fere with processes of protein folding in the ER lumen, 
leading to the unfolded or misfolded protein accumu-

lation, which is called “ER stress”. This stress triggers 
and activates an adaptive reaction, termed unfolded 
protein response (UPR) [22]. 

The protein p53 is known to respond to a variety of 
cellular distress signals. In response to DNA damage 
the increased concentration of p53 may induce cell 
cycle arrest and apoptosis [10,12,15]. The “ER stress” 
was observed as the first step of p53 reaction in the 
cytoplasm of cerebellar neurons of our aging subjects. 

The next step of p53 reaction in cerebella neurons 
was the accumulation of p53 in the nucleus of the 
nerve cells that undergo degeneration. The involve-
ment of p53 in neurodegenerative processes has 
been previously demonstrated following ischemia 
and different excitotoxic insults [5,19,37]. Post-tran-
scriptional modification can alter p53 tertiary struc-
ture and prevent it from binding to specific DNA 
structures [38].

It is known that p53 can induce either cell-cycle 
arrest or apoptosis through transcriptional regulation 
of several genes. However, p53 can induce apoptosis 
through multiple mechanisms. Nuclear p53 can bind 

Fig. 4. p53 immuno-positive grains cumulated in 
the cytoplasm around the nucleus of Purkinje cells. 
Immunoreaction visualized with avidin-biotin-per-
oxidase system/DAB, counterstain with haema-
toxylin. Magnification ×400.

Fig. 5. p53 detected in the nucleus of Purkinje 
cells of the cerebellum. Pedestrian 75 years of age. 
Immunoreaction visualized with avidin-biotin/ 
alkaline phosphatase conjugate/AS/TR. Magnifi-
cation ×400.
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to DNA and activate proapoptotic gene expression; 
alternatively, cytoplasmic p53 can trigger transcrip-
tion-independent apoptosis by directly interacting 
with Bcl-2 family members [7]. It has been proposed 
that after specific death stimuli, posttranslation-
al modification of p53 may regulate its subcellular 
localization. Phosphorylation and acetylation of p53 
sequester p53 in the nucleus [1] whereas monoubiq-
uitination of p53 leads to its nuclear export [16] or 
mitochondrial translocation. Movement of proteins 
between the nucleus and the cytoplasm may require 
interaction with the nuclear pore complex compo-
nent [33].

Some proteins that shuttle between the nucle-
us and the cytosol independent of the nuclear pore 
complex may be controlled purely by their molec-
ular size. Other nuclear proteins, especially those 
with larger molecular mass, require interaction with 
nuclear pore components and/or intermediate carri-
ers to escape from the nucleus. The nuclear export 
receptor regulates nuclear export of specific pro-
teins and p53 is one of them. However, in our study, 
accumulation of p53 in the cytoplasm precede the 
immuno-detection of this protein in the cell nucleus 
suggesting that p53 accumulated in the cytoplasmic 
compartments has some handicap to enter the cell 
nucleus. 

The results of our present study show that p53 
immunopositive degenerating neurons were the 
source of Aβ fibrillar material, which in the molecular 
layer of the cerebellum created diffuse Aβ plaques 
of extraordinary shapes. However, neither Aβ nor 
p53 appear universal markers for aging of the nerve 
tissue because in approximately 50% of our aging 
individuals both proteins were not found in studied 
cerebellar sections.

In conclusion, all results document that p53 pro-
tein is involved in degeneration of cerebellar neurons 
thus participating also in the amyloidogenic process 
of the aging cerebellum.
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