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Abstract: Inflammatory process is not limited only local effects but could affect other organs and tissues. In this study,
we investigated the influence of experimental tibial osteomyelitis on skin cells in dynamics. Although the skin located at
the distance from the infection nidus it supposed to manifest intensive proliferation, reparation and apoptosis under adverse
factors. Immunohistochemical assay of apoptotic regulators and proliferation-related proteins was carried out in fibroblasts
of stratum reticulare in Wistar rats. Proliferating fibroblasts pool decrease confirmed by Ki67 expression decrease was
revealed, overexpression of p53 and Bax was accompanied by Bcl-2 expression decrease. Findings suggest depressed
regeneratory potential of fibroblasts, high probability of apoptosis in the skin cells at the persisting osteomyelitis that

should be considered in dermatological practice.
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1. Introduction

Inflammatory diseases become widespread and affect
millions of people leading to pain, disability and, in some
cases, death. Many researchers relate the high frequency of
chronic diseases in various organs and systems to adverse
environmental factors, untimely and inadequate treatment
of acute inflammatory processes and immune response to
an etiological factor [4, 9, 13]. Long-term course of
infection could influence organs and tissues, located away
from inflammation nidus that can increase the risk of
pathologic changes in certain tissues [10, 12]. The role of
persisting bacterial infection in the initiation and
prolongation of apoptosis was demonstrated in the liver [17,
18], however, data concerning these processes in the skin
are still lacking. Although the skin does not connected with
infection nidus, at first glance, it is supposed to manifest
intensive proliferation, reparation and apoptosis under
adverse factors effects and certain pathological changes
could develop in the skin [7]. In the present study, on the
example of apoptotic regulatory proteins (Bcl-2 and Bax)
expression and proliferation-related proteins (p53 and
Ki67), we investigated the influence of tibia osteomyelitis

caused by Staphylococcus aureus on the functional status of
fibroblasts in stratum reticulare.

2. Materials and Methods
2.1. Study Design

The experiment was performed in twenty four male
Wistar rats (180-220 g, 2,5 months old). All animals were
treated according to protocols approved by the animal care
institutional review board. Eighteen rats were subjected the
experimental tibia myelitis. Using sterile surgical
conditions shin-bone trepanation was carried out under
halothane anesthesia, hole was plugged with cotton thread
containing Staphylococcus aureus, strain 209 (107 cfu).
Animals were decapitated 1, 2 and 3-months after surgery.
Six intact rats were used as a control.

2.2. Immunohis to Chemistry

Specimens were fixed in 12% formalin and embedded in
paraffin. One section was used for the conventional
hematoxylin and eosin method. The levels of apoptosis
regulators (Bcl-2, Bax, p53) and proliferation marker Ki67
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expression relied on immunocytochemisrty based on
indirect streptavidin biotin peroxidase method as described
previously [2, 3, 14] according to the manufacturer’s
instructions. Triton X-100 (0,1%) was used for antigen
demasking procedure for 5 min. Deparaffinized sections
were incubated with primary antibodies: Anti-Bcl-2
(Isotype: Mouse IgGl, Clone: 7; BD Biosciences), Anti-
Bax (Polyclonal Rabbit Anti-Mouse/Rat; BD Biosciences),
Anti-Bad (Isotype: Mouse IgG2b, Clone 48; BD
Biosciences), Anti-Ki-67 (NCL-MMI, Isotype: Mouse;
Novocastra)  Anti-p53  (Novocastra NCL-p53-CM5p,
Isotype: Mouse IgG). All incubations were performed for
60 min at room temperature. Immunostaining was
performed using Novocastra Peroxidase Detection System
(Ready-to-Use) kit (Code No. RE7110-K), which employed
the streptavidin-biotin technique and DAB
Substrate/Chromogen System for visualization.
Cytoplasmic staining for Bel-2, Bax and nuclear stain for
p53 were considered as positive. The expression of
oncogenes was determined in 48 non-coincident
microscopic fields in each experimental group at x400
magnification. At least 1000 fibroblasts were evaluated by
counting and staining intensity was estimated in area 64500
mkm” [11]. The data were analyzed quantitatively using
Image J 1.42g software (National institutes of Health,
USA).

2.3. Data Analysis

The results were performed as a percentage obtained by
the following relationship: % structure = S¢/S,, S, is the
stained fibroblasts area and S, is the total investigated area.
Results were expressed as the mean (+ SEM). Statistical
analyses were performed using Kruskal-Wallis H test and
Mann-Whitney U test with Bonferroni correction.
Statistical significant was accepted at p<0.05.

3. Results

The localized osteomyelitis model we analysed led to
changes in rat health status (fever, appetite loss). After 1
month from the date of inoculation Staphylococcus aureus
(Fig. 1, A) necrosis of bone marrow, productive
inflammatory process in endosteum and periosteum,
osteoclast-mediated bone resorption.

Later on, in 2 and 3 months after inoculation of
Staphylococcus aureus bone marrow offered granulation
tissue fields bounded the necrosis foci (Fig. 1,B). Bone
trabeculae in spongy bone tissue were fragmented, few
osteocytes were located irregularly. Focal dispersions could
be visualized in bone matrix (Fig. 2).

Figure 1. (4) Fragment of rat tibia 1 month after S. aureus inoculation.
Bone marrow necrosis, osteoclastic bone resorption. (B) Fragment of rat
tibia 2 month after S. aureus inoculation. Focal necrotic zones are
bounded by granulation tissue, osteoclastic bone resorption. Hematoxylin
and eosin staining, x 400

Figure 2. (4) Rat skin 2 month after S. aureus inoculation. Disturbance of
collagen compact order in stratum reticulare. (B) Rat skin 3 month after S.
aureus  inoculation.  Disturbance  in  compact  order  and
tinctorial properties of collagen. Hematoxylin and eosin staining, x 100

The most of skin objects 1 month after persisting
infection nidus have been produced didn’t vary from the
control. However, disturbances in compact arrangement of
collagenous fibers and empty spaces between separate
fibers were revealed in stratum reticulare. Subsequently,
morphological investigation of rat skin found out not only
aggravation of disturbances in collagen elements order (Fig.
3, A) but also changes in tinctorial properties of collagen
(Fig. 3, B).

The molecular analysis for p53 gene revealed that there
was no statistically significant difference in the intensity in
investigated area 1 month after modeling of distant chronic
inflammation nidus. However, the area of cells expressing
Bax was increased by 2,4 times (Table 1) along with
decrease of specific staining intensity that was an evidence
of stratum reticulare fibroblasts population growth. The
intensity of Bcl-2 staining and the area of dermal
fibroblasts expressing Ki67 were decreased.
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Table 1. Area relative (%) and staining intensity (standard units) of
marker-expressing fibroblasts, mean+SEM
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progressing increase of p53-expressing cells was revealed
(Table 1; Fig. 5, B). The area of stratum reticulare
fibroblasts expressing Ki67 reduced in 2,4 times. The area
of Bcl-2-expressing cellular elements became progressively

smaller.
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Inflammation
Variable Control
1 month 2 month 3 month
area relative
Bcl-2 3,46+0,21 3,77£0,20  2,32+0,11* 1,74+ 0,07*
Bax 0,33+0,03  0,78+0,04* 1,27+0,12*  2,15+0,10*
p53 0,80+0,04 1,00+0,07 1,314+0,10* 1,97+0,10*
Ki67 1,29+0,06  0,91+0,06* 0,84+0,06*% 0,54+0,05*
staining intensity
Bcl-2 51,24+1,74 33,904+0,84* 54,39+0,87 61,06+0,71*
Bax 68,94+1,55 56,05+1,53* 50,21+0,91* 51,91+1,79*
p53 60,54+2,02  57,22+1,53 60,71£1,30 46,87+1,50*
Ki67 51,79+1,50 56,91+1,25* 75,50+1,09* 53,83+1,91

* - p<0,05 compared to control

The analysis of the p53 expression in cellular elements of
stratum reticulare revealed 1,6 times raising 2 months after
chronic inflammation onset (Table 1; Fig. 4, B) compared
to intact animals. We also found out further rise of area of
Bcl-2-expressing fibroblasts. Expression level of Bax was
increased 3,85 times (Table 1, Fig. 4, A). A 1,5-fold
reduction of Ki67-expressing fibroblasts area was typical
for this period. p53 protein is known to be retarding the
mitotic activity in normal cells [16]. Some stimulus such as
hypoxia turns the cell to apoptosis by p53 gene activation.
p53 stops the cell in the phases G1 and S through the
repression transcriptional regulation, interacts with
complexes participating in synthesis and reparation of DNA
or apoptosis modulating proteins. If the damage is not
repaired p53 triggers apoptosis through inactivation of Bcl-
2 that binds Bax [1, 8, 15].
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Figure 3. Rat stratum reticulare 2 month after Staphylococcus aureus
inoculation, Immunostaining for Bax-expressing (A) and p53-expressing
(B) cell elements, x 1000

3 months after bacterial infection nidus formation
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Figure 4. Rat stratum reticulare 3 month after Staphylococcus aureus

inoculation. Immunostaining for Bax-expressing (A) and p53-expressing
(B), cell elements, x 1000

Considering Bax protein, our study inferred significant
decrease of its specific staining of fibroblasts although the
area of cells expressing this marker was greater in 6,5 times
compared to a control (Table 1; Fig. 5, A). It is known that
Bcl-2 and Bax are in permanent balance and form homo-
and heterodimers [6]. If production of Bax protein
predominates the balance drifts to homodimers forming
that possess high proapoptogenic activity [5].

4. Conclusion

The study has shown that inflammatory process is not
limited only local effects but could affect the distant tissues,
for example, the skin. Analysis of apoptotic regulators and
proliferation-related proteins expression revealed increased
probability of apoptosis in fibroblasts of stratum reticulare
at persisting staphylococcal infection in the tibia.
Proliferating fibroblasts pool decrease confirmed by Ki67
expression decrease and also expression increase of p53
were found out. Moreover, concerning proapoptotic protein
Bcl-2 rise we suppose it probably binds to Bcl-2 that allows
apoptosis activation at depressed regeneratory ability of
fibroblasts. Changes in skin cellular elements investigated
at the distant bacterial infection nidi are should be
considered in dermatological practice.
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