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RESULTS OF IMMUNOHISTOCHEMICAL
STUDY OF MARKERS OF INFLAMMATION
AND APOPTOSIS IN GINGIVAL BIOPTATES

IN PATIENTS WITH GENERALIZED

PERIODONTITIS
Purpose of the study. Comparison
of immunohistochemical indexes of expression

of markers of apoptosis and inflammation in
gingival bioptates of healthy persons and patients
with generalized periodontitis. Research methods.
40 persons aged 32—45 years were studied. They were
30 patients with chronic generalized periodontitis
of I-II severity and 10 persons with healthy
periodontal tissues. For morphological examination,
gingival bioptates were used, which were put into
4 % solution of neutral formalin during the day
and poured into paraffin. Histological sections with
a thickness of 4.0-6.0 microns were applied to
adhesive  slides. After their deparaffinization
and rehydration, antigens were demasked in the citrate
buffer with pH 6.0 at 121 °C for 8 minutes. The
activity of endogenous peroxidase was suppressed
with 3 % hydrogen peroxide for 20 minutes. It
was studied cytoplasmic expression of markers
COX-2, caspase-3 and intranuclear expression
of markers MMP-1 and p2l (in inflammatory
infiltrate), p53 and Bcl-2 (in gingival epithelium).
Scientific novelty. At the present stage, the interest
is to study the mechanisms of damage of periodontal
tissues initiated by the microbial factor, which
include direct cytopathic effects, in particular
apoptosis and pyroptosis of periodontal epithelial
and connective tissue cells. Conclusions. According
to the results of the immunohistochemical study
of gingival bioptates, there was no difference between
the expression of markers of the antiapoptotic
protein Bcl-2 and the marker of apoptosis p53 in
patients with generalized periodontitis and healthy
ones. The most indicative markers of the course
of the inflammatory and destructive process in
periodontal tissues were markers of inflammation
COX-2 and MMP-1 and markers of apoptosis
caspase-3 and p21, that allows their use for diagnostic
purposes in patients with generalized periodontitis.
Key words: generalized periodontitis, apoptosis,
inflammation, immunohistochemical study.
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PE3VYJIBTATH
IMYHOT'ICTOXIMIYHOTI'O
JOCIIIKEHHS MAPKEPIB
3AITAJIEHHSA TA ATIOIITO3Y
B BIOIITATAX SICEH Y XBOPUX HA
TEHEPAJII3OBAHUI MAPOJOHTHUT

Mema oocnioscenna. 3icmasnenns iMyHOICMOXIMIUHUX
NOKA3HUKIG eKcnpecii Mapkepie anonmosy ma 3anaieHHs
6 MKAHUHAX MAaP2IHAIbHO20 NAPOOOHMY 0CiO 30 300p0-
BUM NAPOOOHMOM MA XEOPUX HA 2eHePani308aHUll Napo-
donmum. Memoou docnioxycenns. byno sanyueno 40 oci6
sikom 32—45 poxis, ceped saxux 30 x6opux i3 Xpouiunum
2enepanizosanum napodoumumom I-II cmynens msicro-
cmi ma 10 oci6 3i 300posum napodorwmom. /[ mopghono-
2IYH020 00CAIONHCEHHS BUKOPUCINOBYBANU OIONMAMU sICeH,
aki Qixeysanu y 4 % posuuni nHeumpanvHozo opmaniny
npomsizom 000u i 3anusanu y napagin. I'icmonoeiuni 3pizu
moguurorw 4,0—6,0 Mkm Hamocunu Ha ad2e3usHi npeo-
memmui ckenvys. Ilicaa ix denapaghinizayii ma peciopama-
yii npoBoOUNU 0eMACKYBAHHA AHMUSEHI8 8 YUMPAMHOMY
6yghepi 3 pH 6,0 npu 121 °C npomsicom 8 xeunun. Akmue-
Hicmb endoeennol nepokcudasu npuehivyeanu 3 % nepexu-
com 600110 npomseom 20 xeunun. Inkybayiro 3pizie nposo-
OunU 3 NePBUHHUMU AHMUMITAMU Y B0JI02UX KAMEpax npu
23-25 °C npomseom 30 xeurun. Busuanu yumonnazma-
muuny excnpeciio mapkepie COX-2, kxacnazu-3 ma inmpa-
HyKeapry exkcnpecito mapxepie MMII-1 ma p21 (y 3anane-
Homy inginempami), p53 ma Bcl-2 (8 acennomy enimenii).
Haykosa nosusna. Ha cyuacnomy emani inmepec npeo-
CMABNAE BUBYEHHS MEXAHI3MIE NOWKOONCEHHS MKAHUH
napoooHma, IHIYIOBAHUX MIKPOOHUM pakmopom, 00
AKUX HATeHCamsv npami yumonamuyHi egpexmu, 30Kpema
anonmos ma RNiponmo3 enimeniaibHux ma CHOLYYHOM-
KAHUHHUX KAimun napooonma. Bucnoexu. 32iono ompu-
MAHUX pe3yTbmamis IMYHO2ICIMOXIMIYHO20 OO0CHIONCEHHS
bionmamig sicen 00CMOGIPHOL PI3HUYI MIdC eKCNpecicio
Mmapkepie anmuanonmomuyno2o oiika Bcl-2 ma mapkepy
anonmo3sy p353 y X6opux Ha 2eHepanizoéaHuii napoooH-
mum ma 300posux He gusAsieHo. Haibinbw noxkasosumu
wooo nepebicy 3ananbHO-0eCMpPYKMUBHO20 Npoyecy
6 MKAHUHAX NAPOOOHMA BUABUNUCL MAPKEPU 3aNaleHHs
COX-2 ma MMII-1, a maxodic mapkepu anonmo3sy Kac-
nasa-3 ma p21, uo 0036015€ ix 3acMocy8anHs 8 OiacHOC-
MUYHUX YITAX ) XBOPUX HA 2eHepali308aHULL NAPOOOHMUM.
Knrwouosi cnosa: zenepanizoeanuii napooonmum, anon-
MO3, 3aNaieHHsl, IMYHO2ICMOXIMIYHE O0CNIONCEHH .
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Posing a problem. The study of the pathogenesis
of generalized periodontitis is  perspective
for the development of methods of diagnosis
and treatment of the disease. The direct cytopathic
effects, in particular apoptosis and pyroptosis, are
the least studied among the mechanisms of periodontal
tissue damage which are initiated by the microbial
factor [1, p. 609-619; 2, p. 1144-1154; 3, p. 945—
950]. It is now established that Treponema denticola,
Porphyromonas gingivalis, Fusobacterium nucleatum
and Actinobacillus actinomycetemcomitans are able
to stimulate the programmed death of periodontal
epithelial and connective tissue cells [4, p. 208; 5; 6].

Macroorganism’s  local  response includes
neutrophil infiltration and subsequent release
of inflammation and cytokine  mediators

[7, p. 429-450]. Cyclooxygenase 2 (COX-2)
is marker of inflammation which involved in
the synthesis of prostaglandins through the conversion
of arachidonic acid. This enzyme is always secreted
by connective tissue cells only after induction by
cytokines or growth factors [8, p. 12—15].

A decrease in immune protection and an increase
in the level of inflammatory mediators lead to
the progress of the inflammatory process from
the gingiva to the periodontal ligament and bone
tissue, accompanied by the disintegration of collagen
under the action of matrix metalloproteinase (MMP).
MMP-1 is one of collagenases, and its activity
corresponds to the degree of stromal degradation in
periodontal tissues [9, p. 6393—6400].

Pyroptosis is a pro-inflammatory programmed
cell death mediated through a family of proteases,
the so-called caspases, which are divided into two
groups — initiating and effecting. Initiating caspases
-8and-9are giventherole ofactivators of subordinate
effecting caspases, such as caspase-3 [3, p. 945—
950]. So, caspase-3 is a performing enzyme that has
the appropriate catalytic activity. Its detection in
periodontal tissue indicates induction of apoptosis
[10, p. 17].

Among the factors of apoptic activity in
the development of the inflammatory and destructive
process in periodontal tissues, there are the products
of three genes that encode proteins; they are p53,
p21 and Bcl-2. p53 is a protein product of tumor gene-
suppressor, the expression of which initiates apoptosis.
This protein affects the dynamics of cellular renewal
through the induction of apoptosis in thermal stage
of cell differentiation, in particular inflammatory
infiltrate cells. In turn, p21 is an important cell
cycle inhibitor. Its expression is one of the main
targets of the transactivational action of oncoprotein

pS53. p21 blocks complexes of different cycles with
the necessary kinases, which are key enzymes of cell
division. On the contrary, Bcl-2 is an antiapoptotic
protein that reduces the risk or even prevents cell
death, which is provoked by various stimuli. It is
able to inhibit the process of exit of the mitochondrial
cytochrome, which initiates the internal path of death
[10, p. 17; 11, p. 616-623].

Based on the above, the mechanisms of apoptosis
and inflammation have to play an important role in
the elimination and renewal of periodontal cells.
In our opinion, the immunohistochemical study
of these markers in gingival bioptates in patients
with periodontitis in comparison with healthy
persons reveals the most indicative characteristics
of the inflammatory and destructive process in
periodontal tissues in order to create effective methods
of diagnosis and pathogenetic treatment of the disease.

Purpose of the study. Comparison
of immunohistochemical indexes of expression
of markers of apoptosis and inflammation in gingival
bioptates of healthy persons and patients with
generalized periodontitis.

Research methods. In the study 40 young people
under WHO (3245 years), equally men and women,
were taken. The main group included 30 patients with
chronic generalized periodontitis of I-II severity,
the control group consisted of 10 persons with
healthy periodontal tissues. In the research they did
not include persons with severe somatic, endocrine
and oncological pathology and smokers.

Formorphological examination, gingival bioptates
of 2.0-2.5 mm were used. The obtained samples
were fixed in a 4.0 % solution of neutral formalin
during the day and poured into paraffin. Histological
sections with a thickness of 4.0-6.0 microns were
applied to adhesive slides SuperFrost Plus. After
deparaffinization and rehydration of the sections,
temperature demasking of antigens was carried
out. To do this, the sections were placed in a citrate
buffer with pH 6.0 and heated in an autoclave
at a temperature of 121 °C for 8 minutes. The activity
of endogenous peroxidase was suppressed with
3.0 % solution of hydrogen peroxide for 20 minutes.
Subsequently, the incubation of sections was carried
out with primary antibodies in wet chambers
at a temperature of 23-25 °C for 30 minutes. As
primary monoclonal antibodies to p21, p53, Bcl-2,
caspase-3, COX-2 (LabVision) and polyclonal to
MMP-1 (DakoCytomation) were used. The antibody
titer was selected individually for each marker using
Antibody Dilouent (DakoCytomation) as a solvent.
To identify the reaction, an ultravision imaging
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system Quanto (LabVision) was used. It was used
the application of 3-diaminobenzidine tetrachloride
(Quanto, LabVision) as a chromogen and the control
of a microscope from 20 seconds to 3 minutes. The
manifestation was in the form of brown coloration
of specific structures. To separate the nonspecific
tissue structures, the sections were additionally
stained with Myer hematoxyline for 1-3 minutes.

Cytoplasmic expression of COX-2 marker was
evaluated according to three gradations of coloured
cells. They were (+1) weak infiltrate, (+2) moderate
infiltrate, (+3) severe inflammatory infiltrate with
a positive label [8, p. 12—15]. In turn, the cytoplasmic
expression of the caspase-3 marker was evaluated
on a binary scale. It was (0) if coloured cells
were less than 30 % of inflammatory infiltrate;
(1+) — respectively, when more than 30 % cells
were coloured. Levels of intranuclear expression
of MMP-1 and p 21 markers (in inflammatory
infiltrate), p 53 and Bcl-2 (in gingival epithelium)
were divided into 4 gradations from 0 to +3. They
were (0) there was no colour; (+1) coloured cells were
up to 10 %, (+2) the number of coloured cells varied
in the range of 10 to 30 %, and gradation (+3), where
the coloured cells were more than 30 % [10, p. 17].

For statistical processing of data, a licensed
software product MS Excel 2003 was used [12].

Results and discussion. According to the results
of the immunohistochemical study, for the patients
of the main group, an increase in the expression
of COX-2 in the inflammatory infiltrate was registered
(fig. 1 a). If in all the persons with intact periodontal
tissues the expression of the marker of inflammation
COX-2 is defined as weak (+1), then in the patients
with periodontitis in 80.0 % of cases moderate
expression (+2) was detected, and in 20.0 % the high
(+3) level was registered.

When evaluating the cytoplasmic expression
of MMP-1 in epithelial and stromal cells, it was found
that in healthy individuals, 30.0 % of observations
had its zero gradation (0), 60.0 % it was weak (+1),
10.0 % it was moderate (+2) (fig. 1 b). In the main
group, the cases of zero result was not observed, weak
(+1) expression of the marker MMP-1 was registered
in 23.3 % of patients, moderate (+2) gradation was in
60.0 %, high (+3) one was in 16.7 %. Consequently,
the expression of the MMP-1 marker demonstrated
areliable difference in values depending on the clinical
and morphological characteristics of the gingival
bioptates (p<0.05). Thus, the increase in the activity
of MMP-1 corresponded to the development
of an inflammatory and destructive process in
periodontal tissues.

In gingival samples, the highest rates
of expression of related markers of apoptosis
(effecting caspase-3 and oncoprotein-suppressor
p21) were also observed in patients with generalized
periodontitis in the cells of the inflammatory stromal
infiltrate and in the epitheliocytes of the multilayer
flat epithelium (fig. 1 c—d). In all the patients
of the control group there was the absence (0)
of the expression of the caspase-3 marker and 100 %
weak (+1) expression for the p21 marker. In patients
with periodontitis from the main group, the negative
gradation (0) of the cytoplasmic marker caspase-3 was
established in 46.7 % of cases, and it was (+1) in
53.3 %. For the oncoprotein-suppressor p 21 in 40.0 %
it was defined weak (+1) expression, in 40.0 % it
was moderate (+2), and in the remaining 20.0 % it
was high (+3). So, these markers were indicative
of the development of the inflammatory and destructive
process in periodontal tissues (p<0.05).

Unlike markers of apoptosis caspase-3 and p21,
which were actively expressed by inflammatory
infiltrate cells, for p53 and Bcl-2 a positive
immunohistochemical reaction was observed
mainly in the basal layer of the multilayer flat
epithelium (fig. 1 e—f). In the control group, in
40.0 % of observations, the expression of p53 was
not detected, and in 60.0 % the weak (+1) level was
established. In the main group, 36.7 % of patients
had a zero gradation of this marker, in 63.3 %
the gradation was weak (+1). Thus, there were
no reliable differences between these markers for
research groups.

The antiapoptotic protein Bcl-2  showed
a decrease in expression in periodontitis patients
compared to healthy (p<0.05). Thus, in persons
with healthy periodontal tissues, zero (0) gradation
was got in 20.0 % of cases, weak (+1) one was in
the remaining 80.0 %. In 60.0 % of patients with
generalized periodontitis, zero (0) level of expression
of the Bcl-2 marker was obtained, and in 40.0 % it
was weak (+1). It should be noted that the moderate
and high gradation of expression of markers
p53 and Bcl-2 was not detected in our study.

Conclusions. Thus, the results of immunohisto-
chemical studies showed that the markers
ofinflammation COX-2and MMP-1 and themarkers
of apoptosis caspase-3 and p21 were the most
demonstrative forthe inflammatory and destructive
process in periodontal tissues. The obtained data
allow their widespread use in the diagnostic
process in patients with generalized periodontitis
and for the estimation of the effectiveness
of the treatment.
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Fig. 1. Generalized periodontitis, II degree, chronic course:

a) cytoplasmic expression of COX-2 marker in the inflammatory infiltrate around the multilayer epithelium (+3);
b) mixed nuclear-cytoplasmic reaction with MMP-1 marker in inflammatory infiltrate and surrounding
epithelial cells (+2);

¢) cytoplasmic expression of caspase marker-3 (+1); d) mixed nuclear-cytoplasmic reaction with marker p 21

in epithelium and inflammatory infiltrate cells (+3);

e) intranuclear reaction with marker p53 exclusively in epithelial cells (+1);

f) negative reaction with Bcl-2 marker. Immunohistochemical method, additional colouring of Mayer
hematoxiline (x400)
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