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protective [15].

The occurrence and course of any disease of an infectious nature is determined
by the strength of the body's response [18, 16]. The nature of this response
depends on the antigenic specificity of previously acquired immunity and is
largely determined by the human genotype [10, 16]. At the same time, only a
part of the observed reactions of the body to infection can be considered as
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The occurrence and course of any disease of an
infectious nature is determined by the strength of the
body's response [18, 16]. The nature of this response
depends on the antigenic specificity of previously
acquired immunity and is largely determined by the
human genotype [10, 16]. At the same time, only a part
of the observed reactions of the body to infection can
be considered as protective [15].

In addition, reactions of a neutral nature often occur:
useless from the point of view of protecting the body,
but depleting the resources of the immune system [13],
as well as autotoxic reactions that cause massive
damage and death of one's own cells and tissues [11,
14]. Often, it is autotoxic reactions that determine the
pathophysiological picture of the disease as a whole.
Studies in the field of etiology of both aggressive and
chronic periodontitis have led to the discovery of the
fact of a sharp increase in the activity of matrixins
(matrix proteinases synthesized, in particular, by
fibroblasts and macrophages) in the event of
inflammation of periodontal tissues of any nature [7, 29,
36, 22, 26, 13, 12].

Especially significantly - hundreds and thousands of
times, this increases the activity of neutrophil
collagenase MMP8 and gelatinase MMP9: enzymes
involved in the final stages of collagen degradation [15,
14, 25]. On this basis, most researchers make a
conclusion about the autoproteolytic nature of the
degradation of the periodontal connective tissue matrix
underlying periodontitis [15, 16].

Important details of the molecular mechanism of the
degradation of the periodontal ligament remain unclear,
but it seems that lymphocytes act as an inducer of MMP
hyperproduction and hyperactivation, which, in

response to the invasion of pathogenic bacteria, migrate
to the areas of the affected periodontium and release
pro-inflammatory lymphokines. Some of these
lymphokines act as inducers on resident fibroblasts and
macrophages. The functional affiliation of lymphocytes
and the antigens to which they are specific remain
unknown, however, it can be assumed that the cause
of the degradation of the periodontal ligament is the
excessive activity of lymphocytes infiltrated into the
infection focus, aimed at eliminating invasion [15, 7].
At the same time, the role of bacterial proteinases as
destroyers of collagen and other matrix components is
considered as a signal, although sometimes it is also
assigned significant importance [15]. This point of view
is largely contradicted by the fact that the increase in
the activity of collagenases that are directly capable of
attacking native collagen, for example, MMP1 and
MMP13, has not been associated with periodontal
disease in any study [16,16]. Activation of terminal
matricins alone, even

reaching several orders of magnitude compared to the
baseline, is not able to affect the integrity of the
collagen base of the periodontal ligament [172].

When considering the effect of MMP8 and MMP9 on the
degradation of the periodontal connective tissue matrix,
an important issue is the regulatory mechanism for
increasing their activity [17,18]. research,

real-time PCR and ELISA showed a significant increase
in the level of MMP8 and MMP9 mRNA [13], as well as
corresponding protein products [20, 26].

However, these indicators only indirectly reflect the
level of activity of the corresponding enzymes [27]. The
fact is that most of the matricins of any normal tissue
are in the form of precursors devoid of enzymatic
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activity [28]. Activation of precursors occurs via a
cascade mechanism, and the activation of terminal
MMPs (gelatinases and stromelysins) is achieved mainly
due to the proteolytic activity of matrixins located at the
beginning of the signaling pathway [21].

Thus, overproduction of MMP8 and MMP9 precursors,
which undoubtedly takes place during periodontal
inflammation, is not a sufficient condition for an
increase in the activity of these proteases: this also
requires preliminary activation of MMP1, MMP2, and
MMP3 [17, 20]. Moreover, the presence in the tissues
of MMP inhibitors - TIMP1, TIMP2, TIMP3 and TIMP4,
the total concentration of which is several times higher
than the concentration of any MMP, makes it possible
to completely suppress the activity of even those MMP
molecules that have undergone proteolytic activation
and do not contain a propeptide (usually , the
propeptide exhibits a high inhibitory activity against its
own MMP) [21, 22].

But published experimental data do not provide any
evidence that such processes take place in periodontal
inflammation [239, 240]. However, it must be
borne in mind that

The RT-PCR, ELISA, and FA methods used in modern
works practically do not allow one to distinguish the
active form of MMP from its precursor [20]. This task is
all the more difficult for primary MMPs (MMP1, MMP2,
and MMP3), whose concentration in tissues is
significantly lower than for terminal MMPs (MMP8 and
MMP9) [28].

Summarizing the above, it should be noted that the role
of MMP8 and MMP9 in the degradation of the
periodontal ligament and alveolar bone needs to be
specified, although the statistical relationship between
the overproduction of these matrixin precursors and the
severity of periodontitis can be considered proven [16].
Another point well covered in the literature regarding
the role of MMP8 and MMP9 in the development of
periodontitis is the mechanism of activation of their
synthesis by lymphokines [26]. There is irrefutable
evidence that the production of MMP8 and MMP9 in the
affected areas of the periodontium correlates with an
increase in the concentration of lymphokines of an
acute nonspecific response to invasion (Thi-type): ILip,
IL12, IL18, TNFa, osteoclast surface receptor ligand
(RANKL) and osteoprotegerin (OPG) there. ) [16].

On the contrary, an increase in the concentration of
lymphokines  stimulating an antigen-dependent
response (Th2-type): IL10 and IL4 correlates with a
decrease in the production of MMP8 and MMP9 [19]. At
the same moment, there is an increase in the
production of IL17, a factor that stimulates the healing
of the wound surface after the infection has been
eliminated [10]. When studying the local level of these
mediators in periodontal tissues, this process can be
observed mainly at the stage of periodontitis remission
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[12].
There is also direct evidence that stimulation of
fibroblasts cultured in vitro with TM-lymphokines: IL1p,
IL12, IL18, TNFa and RANKL increases the level of
accumulation of precursors of metalloproteinases by 2-
3 orders of magnitude, first of all, MMP8 and MMP9 (the
results of the determination of mRNA and the precursor
proteins encoded by them coincide) [18, 19]. Thus,
lymphokines
should be considered as one of the key factors for
activating the production of MMP precursors in response
to invasion [11].
The described model is consistent, but not all of its
points are experimentally confirmed. In addition, the
functions of various cell types of the host organism
require specification [11]. First of all, the distribution of
the roles of fibroblasts and regional macrophages in the
production of primary mediators of the Th1l response,
as well as MMP, remains unclear [11].
At the same time, it should be taken into account that
although macrophages, like periodontal fibroblasts, are
residents of the periodontal tissue and cannot enter the
circulation, the mechanism for replenishing their pool in
the tissue is different, as a result, the ratio of the
number of these cell types can vary widely [120,
132]. First, the Tyl response itself stimulates
the influx of
monocytes from the circulation, which can increase the
ratio of the number of macrophages and fibroblasts by
an order of magnitude or more compared to the norm
[14].
The key role in this process of demobilization of
monocytes from the bloodstream is due to the fact that
the number of fibroblasts in the periodontal tissue
cannot be significantly changed due to physiological
functions [18]. It should be taken into account that
osteoclasts responsible for alveolar bone resorption are
derivatives of monocytes belonging to macrophage cells
[19].
Second, neutrophils, the most numerous population of
blood cells, are an essential element of the antibacterial
response involving factors recruited from the central
circulation [6, 33]. The function of neutrophils is to
deliver oxidants to the site of infection - reactive oxygen
species with high bactericidal activity [5]. In this case,
the neutrophils themselves die.
IL8 is the main chemotactic factor in attracting
neutrophils to the site of infection [55]. There are
numerous experimental data on a local rise in the level
of IL8 in inflammatory foci, including in chronic
periodontitis [37], which makes some authors classify it
as a factor in the Th1 response.
According to other authors, this point of view is not
entirely accurate, since the accumulation of IL8 in
infected tissues usually occurs over a long period
(several days), which is not comparable with the
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duration of the protective phase of the Thl response
[63]. Rather, the IL8-dependent neutrophilic response
can be characterized as a reaction designed to cover the
pause between the protective phases of the Thi
(antigen-independent) and Th2 (antigen-dependent)
responses [66]. In the case of periodontitis of any form,
hyperproduction of IL8 can be considered as a marker
indicating the failure of the immune system's attempts
to contain the infection due to the Thl response [7].

At the same time, the cell type that is the main source
of IL8 remains unknown [3]. It is also undoubted that
prolonged and massive infiltration of excess neutrophils
into the periodontal tissue cannot provide a protective
effect of the immune response [68], although it is
possible that at the first contact of neutrophils with
bacteria, they are able to restrain the development of
infection for a certain period and even completely
eliminate the foci of invasion. [1].

Most of the experimental studies of the mechanisms of
IL8 synthesis induction in periodontitis were performed
on a human gingival epithelial cell model, in particular,
on the immortalized OBA-9 cell line or on primary
gingival fibroblasts.

An example of such work is the article by Savitri IJ et
al. (2014). The authors set out to investigate the effect
of irzogladin maleate (IM), which is a well-known
regulator of inflammation, on the interaction of gingival
epithelial cells with the periodontopathogen P.
gingivalis. It has been shown that IM removes the effect
of induction of IL8 synthesis by P. gingivalis or its
purified polysaccharide on OBA-9 cell culture (P < 0.01)
[208].

In the work of Hajishengallis G. et al. (2015) describes
a study of lymphokine production in an animal model of
periodontitis. Using several different models, the
authors concluded that IL1, TNFa, prostaglandins,
complement components, and RANKL are the most
important factors in assessing periodontal health. At the
same time, the authors observed differences in the
effectiveness of the induction of the synthesis of these
factors by various bacterial pathogens, and they tend to
consider dysbacteriosis to be the most common cause
of periodontitis. As systemic factors of the human body
that affect the tendency to periodontitis, the authors
name diabetes and differences in the adhesiveness of
leukocytes [33].

In the work of Korean authors Bae WJ et al. (2015)
studied the effect of the hypoxia factor HIF2a on the
inflammatory response and differentiation  of
osteoclasts, in particular, the correlation between the
concentration of HIF2a and the local level of
inflammatory cytokines and proteolytic enzymes during
stimulation of human gingival fibroblast culture with
bacterial lipopolysaccharide (LPS) and nicotine. It was
found that cells from patients with CGP release more
HIF2a in response to stimulation with nicotine and LPS,
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and the response increases with time and increases with
increasing stimulus concentration [32].

Brazilian authors Correa JD et al. (2014) describes a
study of the influence of brain-derived neurotrophic
factor (BDNF) on the course of periodontitis, which has
highly sensitive targets outside the nervous system, in
particular, in the periodontal ligament, dental pulp and
odontoblasts [84]. However, physiological experiments
to study the effect of BDNF on the condition of the
periodontium at the beginning of the study were limited
to a model of mechanically damaged periodontal
regeneration. Its role in the development of
periodontitis was investigated for the first time. The
study involved a sample of patients with CGP (28
people) and with a healthy periodontium (29 people).
The ELISA method revealed an excess of BDNF levels in
periodontal washings in the CGP group compared to the
control. In both samples, the content of BDNF was in
feedback with the local level of IL10. The data obtained
indicate the possible involvement of BDNF in the
development of periodontitis (or the degree of
protection from it), however, the specific role of this
factor remains unclear.

In the work of the Swedish authors Khalaf H. et al.
(2014) states that cytokines and chemokines are
differently expressed in patients with periodontitis and
show the possible role of TGF01 as a disease marker.
With this in mind, they conducted a comprehensive
study of the representation of various cytokines and
lymphokines in the blood serum, saliva and periodontal
lavage of patients with periodontitis and a control
sample of individuals with healthy periodontium. The
most significant difference in the sample of patients was
a reduced level of IL6 in the blood and saliva. On the
contrary, the level of IL8 in the blood did not differ, in
saliva it was reduced, and in periodontal washings it
was increased. Lymphokine of T-cell origin IL2 in the
blood and saliva of patients of both samples was
contained in the same concentration, but its content in
periodontal washings of patients was significantly
reduced. An unexpected result was a significant
increase in the level of TGFO1 in the blood, saliva and
periodontal washings of patients with CGP. The authors
consider TGFO1 to be one of the main candidates for
the role of a factor mediating the systemic effects of
periodontal inflammation [160].

Laboratory studies confidently confirm the correlation
between the presence of an active inflammatory
process in periodontal tissues and an increase in the
concentration of Thil-type lymphokines and MMP in the
affected areas [2]. We can equally confidently say that
the successful overcoming of the crisis in the
development of bacterial infection of the periodontium
is accompanied by an increase in the level of Th2-type
lymphokines.

However, the identification of these correlations does
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not make it possible to predict the course of the disease,
but only allows alternative methods to confirm the
diagnosis that periodontists successfully make based on
the analysis of the clinical signs of the disease: the
depth of periodontal pockets, the presence of bleeding
and suppuration, and pathological tooth mobility [34].
Moreover, many authors allow a simplified approach to
the interpretation of data from the analysis of the profile
of lymphokines and MMP on the periodontium, not
trying to look for causal relationships between the
detected reactions, but limiting themselves to the
detection of a statistical correlation. As a result, there
are statements that the Thl response (production of
IL10, TNFa, IL12, IL18, RANKL, as well as the
subsequent synthesis of MMP8 and MMP9) is the cause
of periodontitis, and its suppression by any means
should contribute to recovery [16].

On the contrary, the Th2 response, according to these
authors, is the reason for the successful overcoming of
the disease [32, 27]. Meanwhile, it is obvious that in
itself the identification of statistically significant
correlations between certain parameters does not say
anything about causal relationships between them. In
addition to logical constructions, a necessary element
for identifying such regularities is the analysis of the
time sequence of the onset of reactions [31].

In view of the foregoing, the measurement of the level
of accumulation of pro-inflammatory factors can serve
as a valuable diagnostic tool, and the determination of
the local concentration of inflammation control factors
in the contents of periodontal pockets and tissue
samples, and not in blood and other biological fluids
that do not have direct contact with the focus, is
especially informative. Particular emphasis in the review
is placed on the ratio of the periodontal status of
patients (pocket depth) and the concentration of such
inflammatory signaling factors as TNFa and IL6.

In an article by Swiss and German authors PR Schmidlin
et al. (2015) presents the results of a study of the
contents of periodontal pockets by PCR with
electrophoretic detection. The authors identified the 4
most dangerous periodontal pathogens and eight less
dangerous  bacteria  (opportunistic  periodontal
pathogens - OP), and also evaluated their relationship
with the state of periodontal tissues and MMPS8 activity
in saliva. OPs were found in dental plaque in 80% of
cases. Active content MMP8 in saliva reached a critical
value of over 40 ng/mL in saliva in 6 patients [211].

In the work of Finnish authors A. Salminen et al. (2014)
showed that high levels of MMP8, ILip, and P. gingivalis
in saliva are statistically associated with greater pocket
depth and greater bone loss. At the same time, elevated
concentrations of MMP8 and ILip were observed in
patients with bleeding gums. The authors believe that
the content of MMPS8, ILip and P. gingivalis in saliva
undoubtedly correlates with the data of clinical
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examination and X-ray examination of patients with
periodontitis [27].

JM Leppilahti et al. (2015) studied 58 samples of
gingival fluid/exudate obtained from volunteers: healthy
individuals, patients with gingivitis and chronic
periodontitis. When studying the local levels of
nonspecific protection factors, it was found that the
content of MMP8, MMP13, MMP14, myeloperoxidase
and azurocidin is significantly higher in periodontitis
than in gingivitis and intact periodontium (p < 0.05).
The content of myeloperoxidase and MMP8 in patients
with  periodontitis  strongly correlated (r=0.95,
p<0.0001). It has been shown that the levels of all
studied substances can be used in assessing the
severity of the lesion with high diagnostic accuracy
(>0.90), but only the content of MMP8 and
myeloperoxidase can distinguish between foci of
periodontitis and foci of gingivitis [17].

In the work of American authors ]S Kinney et al. (2014)
studied the diagnostic value of various biomarkers. The
study involved 100 patients who were divided into 4
groups according to the state of periodontal tissues. The
contents of MMP8, MMP9, osteoprotegerin, C-reactive
protein, and ILip were determined in periodontal
washings using ELISA. With the exception of C-reactive
protein, all biomarkers showed significantly higher
values in patients with CGP compared with the control
group. Cluster analysis showed that the most accurate
prediction (75% confidence) can be obtained by
combining pathogen contamination and biomarker
levels in periodontal washes (95% CI = 61.86) [14].

It is clear that the consequence of a phenomenon
cannot manifest itself before the appearance of its
cause. Using this principle, it is possible to significantly
specify the role of signaling factors in the development
and prevention of the disease [5]. In addition, only the
analysis of the time dependence of changes in the
concentration of factors makes it possible to predict the
development of the disease, which is the main
requirement of clinical diagnostic practice [8]. However,
there are currently only a few publications in the
literature on the dynamics of the synthesis of signaling
factors, and they are limited to only two time points
(usually before and after treatment).

In view of the foregoing, it can be concluded that at
present there is an urgent need for a highly accurate
and reliable method for detecting inflammatory
periodontal diseases, which has the ability to track
changes in the concentration of signaling factors over
time [31]. The diagnostic systems obtained as a result
of such studies will help to significantly reduce the level
of errors in diagnosis, provide accurate prediction of the
course of the disease and improve the quality of
treatment.
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