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Abstract

Background: Ki-67 is a nuclear protein expressed in all proliferating cells of vertebrates during mitotic cycle phases S,
Gl1, G2, and M, except for GO. Studying this marker is widely used to diagnose the proliferative activity of tumors. However,
studying Ki-67 in non-neoplastic diseases attracts much less attention among the researchers. The aim of this study was to assess
the possibility of using staining for Ki-67 to identify the proliferative potential of fibroblasts during the formation of adhesions in
the abdominal cavity (AC).

Methods and Results: Experiments were carried out on male Wistar rats. The adhesion process in AC was simulated in
the control group (n=25), and in the experimental group (n=25) with the administration of Seroguard®. Animals were sacrificed
on Days 1-30, and the severity of the adhesive process in AC was assessed. Histological sections were prepared and stained
for Ki-67. It was found that the animals of the control group had increased severity of the adhesive process in AC during the
observation. Maximum increase in severity was registered on Day 30 — 12[9-13] points in the control group and 4[4-4] points in
the experimental group (P=0.0079). High proliferative activity of fibroblasts in the control group was detected on Days 3, 7, 14and
30, which may indicate an active division of fibroblasts and the formation of adhesions in the damaged area. In the experimental
group, single Ki-67 positive cells were noted during the entire observation period, which may point to a reduced potential for the
formation of adhesions.

Conclusion: Our study showed the prospects of using Ki-67 staining to determine the severity of the developing adhesive
process in AC, and also revealed one of the possible mechanisms that inhibit the formation of the adhesive process when using
Seroguard® —a decrease in the mitotic activity of fibroblasts in the area of peritoneal injury. (International Journal of Biomedicine.
2020;10(4):412-415.)
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Previously, it was thought that Ki-67 is constantly

regulated and used by proteasomes in the cell nucleus.
However, a pathway was recently discovered for eliminating

Introduction

Ki-67 is a nuclear protein expressed in all proliferating

cells of vertebrates during mitotic cycle phases S, G1, G2, and
M, except for GO.1V Ki-67 was first identified as an antigen in
the nuclei of Hodgkin’s lymphoma cells.® In cultured cells,
Ki-67 levels are the highest in the G2 phase and in mitosis.®
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extranuclear Ki-67, through which it is transported to the
Golgi apparatus.® It was shown that in normal cells Ki-67
is a late marker of entry into the cell cycle; Ki-67 mRNA
fluctuated with maximum levels in G2, while Ki-67 protein
levels increased throughout the cell cycle, peaking in mitosis.
After exit from the cell cycle, Ki-67 expression remains at a
low level, but is not detected in uncycling differentiated cells
or senescent cells.®
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Studying this marker is widely used to diagnose the
proliferative activity of tumors, in particular, breast tumors,®”
pulmonary tumors,® prostate tumors,® renal tumors,'? gastric
tumors,'Y and glioblastomas.!%!» In breast tumors, Ki-67
study is included in the diagnostic standard of morphological
examination. However, studying Ki-67 in non-neoplastic
diseases attracts much less attention among the researchers.
P. Betz et al.," when studying wounds of human skin, drew
attention to the fact that fibroblasts in the wound area showed
an increased number of Ki-67 positive cells, which could be
detected for the first time in skin lesions with a duration of
1.5 days. Positive results were consistently detected from
6 days to 1.5 months after the wounding. Only in the scar tissue
of the oldest (7 months) wound, positively stained fibroblasts
were not detected.

In several researches, studying Ki-67 expression is used
to assess the activity of fibrosis formation and the effectiveness
of treatment, in particular, in idiopathic pulmonary fibrosis,"?
peripheral arterial restenosis,!'® rheumatoid arthritis,”
systemic sclerosis,'® leiomyoma of the body of the uterus and
adenomyosis.”

El-Zammar et al.?” registered low proliferative activity
of fibroblasts in keloid scars using the Ki-67 marker. The same
observation was made in hereditary gingival fibromatosis "
and lipofibromatosis.*?

The Ki-67 marker is also used to assess the proliferative
activity of cells in experimental studies**> It has been shown
that Ki-67 is not expressed in mature adhesions in AC.%9 At
the same time, Ki-67 stained cells were not detected at all in
peritoneal tissue samples from patients without adhesions.*”

The aim of this study was to assess the possibility of
using staining for Ki-67 to identify the proliferative potential
of fibroblasts during the formation of adhesions in the
abdominal cavity (AC).

Materials and Methods

The experiments were carried out in 50 male Wistar
rats. The adhesion process in AC was simulated by our own
method, which is described in detail in patent RU 2467401.2%

The studies were carried out in two groups: Group
1 (control group, n=25) — modeling the adhesive process;
Group 2 (experimental group, n=25) — modeling the adhesive
process with administration of Seroguard® (conjugate the
4-[4-(4-fluorophenyl)-2-(4-methylsulfylphenyl)-1H-imidazole-
S-pyridine with poly-1-vinylimidazole, JSC Pharmasyntez),
3 ml during the completion of the operation.*?

The animals were sacrificed on Days 1, 3, 7, 14, and
30. The severity of the adhesive process in AC was assessed
using our own scale.®” The material from the adhesion
formation zone was fixed using FineFix solution (Milestone,
Italy); preparation and paraffin embedding were carried out
according to the classical method.®V

Sections were prepared and stained by the
immunofluorescence method.®**% Antibodies to Ki-67 rabbit
polyclonal (Abbiotec, Cat. N 250733, Lot 09092202) in a
dilution of 1:300 were used as primary antibodies; Alexa fluor
568 goat anti-rabbit IgG (H+L) (Invitrogen, Cat. N A-11036

Lot 757102) in a dilution of 1:300 were used as secondary
antibodies. Nuclei were stained with Hoechst 33342
(Molecular Probes).

The percentage of positively stained cells on the
histological specimen was calculated. During statistical
processing, the median, 25% and 75% quartiles were determined.

The experiments were performed in accordance with
the norms for the humane treatment of animals and approved
by the Ethics Committee of the Irkutsk Scientific Center of
Surgery and Traumatology.

Results

At the first stage of the study, we carried out a point
assessment of the severity of the adhesive process in AC. As
a result, we found that in Group 1 there was an increase in
the severity of the adhesive process during the observation,
and maximum increase in the severity was registered on
Day 30 — 12[9-13] points out of 16 possible points according
to score scale (Figure 1). In Group 2, there was no significant
increase in the severity of the adhesive process; by Day 30
it was estimated at 4[4-4] points (Figure 2). Differences in
the severity of the adhesive process between the groups are
significant on Days 7, 14 and 30: on Day 7 in Group 1, the score
was 9[8—12] points, in Group 2 — 4[4-6] points (P=0.0159); on
Day 14 — 9[6-9] and 3[3-4] points, respectively (P=0.0159).
The differences between the groups increased to Day 30— up
to 12[9-13] and 4[4-4] points (P=0.0079).

To study the mitotic activity of cells in the zone of
adhesion formation, we used staining for Ki-67 antigen,
a marker of cell proliferation. One day after modeling the
adhesive process in Group 1, only single Ki-67 positive cells
were noted; in Group 2 such cells were not detected at the
same timepoint.

The study carried out on Day 3, corresponding to the
start of the fibroblastic phase of inflammation in animals of
Group 1, showed the maximum number of Ki-67 positive cells
— 18[5-28]%, which indicates a high proliferative potential
of cells in the damaged zone. Morphologically, these cells
correspond to fibroblasts of young connective tissue (Figure
3). High proliferative activity persisted in Group 1 on Days 7
(7[5-71%), 14(10[8-15]%), and 30(12 [6-18.5]%), which may
indicate the continuation of active division of fibroblasts and
adhesion formation in the damaged area (Figure 1).
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Fig. 1. Adhesion and Ki67 expression in the control group.
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In Group 2, during the entire observation period, single
Ki-67 positive cells were noted (on Day 3 — 0[0-0], Day 7 —
0[0-1], Day 14 — 0[0-1], and Day 30 — 1[0-2.5]), which may
be evidence of a reduced proliferative activity of fibroblasts in
the peritoneal injury zone and reflect a reduced potential for
adhesion formation (Figures 2,3).
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Fig. 2. Adhesion and Ki67 expression in the experimental group.
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Fig. 3. Staining for Ki-67, immunofluorescence, primary
antibodies to Ki-67 (Abbiotec), 1:300, secondary antibodies
Alexa Fluor 568, Hoechst 33342.

Comparison of the dynamics of the formation of the
adhesive process in the studied groups is shown in Figures 1, 2.
Differences between the groups are significant on Days 3, 7,
14, and 30 of observation.

Discussion

We have clearly demonstrated that positive staining of
fibroblast nuclei for Ki-67 in the area of peritoneal injury is a
predictor for the severity of adhesion in AC. This observation
is confirmed by the high level of Ki-67 positive cells in the
control group, where the formation of the adhesive process
is observed in dynamics — 12 points, which corresponds to
Grade 3 according to the scale.®¥ At the same time, a low index
for cells with a Ki-67 positive phenotype in the experimental
group causes the formation of a Grade 1 adhesion process,
estimated at 4 points. This observation of low activity of
mitotic processes in fibroblasts in the repair zone when using
p38 MAPK blockers (experimental group) is combined in

this group with an increase in apoptosis processes,®® which
together determines a low potential for adhesion formation.

Conclusion

Our study showed the prospects of using Ki-67 staining
to determine the severity of the developing adhesive process
in AC, and also revealed one of the possible mechanisms
that inhibit the formation of the adhesive process when using
Seroguard® — a decrease in the mitotic activity of fibroblasts
in the area of peritoneal injury.
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