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Immunohistochemical study with markers of proapoptotic protein P53 and proliferation 
protein Ki-67 revealed an age-related decrease in proliferative activity of lymphocyte in the 
intestinal Peyer’s patches and an increase in the ratio of apoptotic cells in humans. These 
changes aggravate atrophy and involution of the intestinal epithelium during aging.
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According to modern notions, the digestive tract 
is a large neuroendocrine organ. Epithelial cells of 
the digestive tract produce more than 100 hormones 
and growth factors, which are involved in diges-
tion and regulation of homeostasis [6]. The intes-
tine has a strong system of immune surveillance, 
whose acti vity is provided by numerous clusters 
of lymphocytes in the submucosal layer forming 
Peyer’s patches (PP) [5]. PP mainly consist of B 
cells. They secrete various cytokines and signal 
molecules, which trigger and regulate the local im-
mune response.

It should be emphasized that the maintenance of 
the suffi cient pool of active lymphoid cells provides 
the adaptive barrier [7]. Studying of the structural and 
functional features, proliferative activity, apoptosis 
and elimination of PP lymphocytes during aging is 
important for the development of new approaches to 
hormonal and immune prevention of age-related ab-
normalities.

MATERIALS AND METHODS

Experiments were performed on autopsy specimens 
of the small intestine (n=47) from humans of various 
age groups. The samples were dived into 3 groups (ac-
cording to the WHO classifi cation): group 1, elderly 
individuals (60-74 years); group 2, old individuals 
(75-89 years); and group 3, long-lived individuals (90 
years or more).

PP fragments were fi xed in neutral formalin (pH 
7.2), treated with alcohols and xylenes, and embedded 
into paraffi n (standard method). Paraffi n blocks were 
used for preparing sections (~3 μ) on a Leica 54OM 
microtome.

The sections were stained with hematoxylin and 
eosin for morphological study. Immunohistochemical 
study was conducted with primary monoclonal anti-
bodies to the proapoptotic protein P53 (1:100, Dako) 
and proliferation factor Ki-67 (1:100, Dako). Biotinyl-
ated anti-mouse antibodies (Dako) were used as the 
secondary antibodies. Staining was visualized with a 
complex of avidin with biotinylated peroxidase (ABC-
kit). Horseradish peroxidase was developed with di-
aminobenzidine (all reagents were from Dako).
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The intensity of staining was estimated with Ni-
kon Eclipse 400 systems for a computer analysis of 
microscopic images and VideoTesT-Morfologiya 5.0 
software. The optical density and percentage of the 
total area of immunostained structures were estimated.

The results were analyzed by Statistica 7.0 soft-
ware. The signifi cance of differences was evaluated by 
nonparametric Kruskal–Wallis (ANOVA) and Mann–
Whitney test.

RESULTS

Phosphoprotein P53 plays a key role in cell transition 
from G1 to G2 stage of the cell cycle. It belongs to a 
group of nuclear oncoproteins. A short-lived protein 
P53 is rapidly degraded in the ATP-dependent system 
of protein degradation. Various disturbances are fol-
lowed by termination of P53 degradation and accu-
mulation of this protein [3]. Therefore, P53 protein is 
the major factor in the recognition of DNA damages 
and subsequent induction of apoptosis. Insertion of 
the p53 gene can be followed by cell cycle arrest, 
which results in DNA reparation or apoptosis [2]. P53 
forms a complex during the interaction with various 
cell proteins. This complex plays a key role in the 
maintenance of a cell cycle and regulation of gene ac-
tivity, cell differentiation, and apoptosis [4]. p53 gene 
mutations are accompanied by inactivation of protein 
expression, which leads to progressive accumulation 
of aberrations in cell genome [1].

Statistical analysis showed that optical density of 
P53-immunostained cells signifi cantly increases with 
age (p=0.0048; Fig. 1).

We calculated the percentage of the total area of 
stained structures. The area of P53 protein expression 
in long-lived individuals was 6-fold higher (p<0.01) 
than in elderly subjects (group 1, 1.999±0.157; group 
2, 8.921±1.103; and group 3, 12.642±1.574).

It is probably associated with age-related in-
crease in the number of genetic errors in cells. These 
changes are followed by accumulation of proapoptotic 
protein P53.

Immunohistochemical study of Ki-67 expression 
was performed with PP lymphocytes from individuals 
of various age groups. The Ki-67 protein was identi-
fi ed in active phases of the cell cycle (G(1), S, G(2), 
and mitosis), but not in resting cells (G(0).

Expression of the Ki-67 marker in human PP was 
shown to decrease signifi cantly with age (Fig. 2). The 
signifi cant decrease in the optical density of this marker 
with age (p=0.0039, ANOVA) refl ects the age-relat-
ed reduction of proliferative activity. Similar changes 
were found in the area of Ki-67 expression (decrease 
with age, p=0.0004). The expression area in group 3 
(2.485±0.289) was 2-fold lower than in groups 2 and 1.

We performed general study of P53 and Ki-67 
in various age groups. The optical density of Ki-67 
decreased with age. However, optical density of P53 
was shown to increase under these conditions. Optical 
density of P53 and Ki-67 was estimated in group 1 
(0.186±0.026 and 0.341±0.081 respectively) and group 
3 (0.292±0.056 and 0.244±0.027).

Similar changes were found in the expression area 
of these markers. This parameter increased for the 
P53 marker, but decreased for the Ki-67 marker. No 
correlation was revealed between optical densities of 
expression of these markers in various age groups. Our 
results attest to independence of these factors. There-
fore, these processes can be described independently 
of each other.

Differences between the optical densities of ex-
pression of P53 and Ki-67 became less signifi cant 
with age. The opposite ratio was found between these 
markers. Therefore, the process of proliferation pre-

Fig. 1. Optical density of the P53 protein in PP lymphocytes of 
elderly, old, and long-lived people. *p=0.0048.

Fig. 2. Optical density of the Ki-67 protein in PP lymphocytes of 
elderly, old, and long-lived people. *p=0.0039.
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vails over the process of apoptosis in elderly people 
of group 1. These differences were less pronounced in 
old people of group 2. However, the intensity of pro-
liferative processes was greater than that of apoptotic 
processes in this group of subjects. The apoptosis/
proliferation ratio was modifi ed in long-lived people 
of group 3. The degree of apoptosis was higher than 
that of proliferation in group 3 subjects.

The absence of correlation between the expression 
areas of P53 and Ki-67 attests to independent expres-
sion of these markers.

Differences between the expression area of P53 
and Ki-67 were shown to become more signifi cant 
with age. Proliferative activity was higher than apop-
totic activity in group 1. The opposite ratio was ob-
served in group 2. The intensity of apoptosis was much 
greater than that of proliferation in group 3.

Our results indicate that aging is associated with 
enhanced apoptotic death and reduced proliferative ac-
tivity of human PP lymphocytes. These changes result 
in partial degradation of PP and play an important role 
in aging of the immune system.

We conclude that aging is accompanied by a de-
crease in proliferative activity of lymphocytes and 
increase in the ratio of apoptotic cells. These changes 

aggravate atrophy and involution of the intestinal epi-
thelium in aging.

Our results hold much promise for the develop-
ment of new approaches to the prevention and treat-
ment of age-related “bowel syndrome”. These ap-
proaches are based on activation of immunotropic 
signal mechanisms for the maintenance and restoration 
of differentiated lymphocytes in human PP.
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