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Abstract: Elucidating the role of periodontopathogenic microor-
ganisms in inflammatory periodontal diseases and the immune
response they trigger in the pathogenesis may open up new op-
portunities for the diagnosis, prevention, and treatment of this pa-
thology.

The aim is to analyze the relationships between the taxonomic fea-
tures of the microbiome of the gingival sulcus/periodontal pocket
contents and immunological indicators in patients with gingivitis
and chronic generalized periodontitis (CGP) of varying severity.

Materials and methods. The 16S rRNA gene was sequenced ac-
cording to the Illumina protocol to determine the species compo-
sition of the microbiome in the gingival sulcus and periodontal
pocket of 84 patients. The concentration of pro- and anti-inflam-
matory cytokines was determined in the selected samples using
enzyme-linked immunosorbent assay. The peripheral blood of the
patients was evaluated for the content of immunoglobulins A, M,
and G and the phagocytic activity of neutrophils. Statistical data
processing and correlation analysis were performed using the Sta-
tistica 10 software package.

Results and discussion. It was found that patients with inflam-
matory periodontal diseases had increased levels of IL-2, TNFq,
and IL-4 in their oral fluid, as well as sIgA, while there was a sta-
tistically significant decrease in the levels of IL-6 and IL-10. In the
peripheral blood of patients with CGP, there was a decrease in
the phagocytic activity of leukocytes and dysgammaglobuline-
mia. A significant “positive” correlation was found between the
presence of representatives of the V. dispar species in the oral
microbiome and increased levels of TNFa, IL-2, IL-4, and sIgA
(t=0.27...0.36, p<0.05), as well as a negative correlation between
the occurrence of F. nucleatum, T. forsythia, and F. alocis with a
number of immunological parameters — TNFa, IL-2, IL-4, sIgA,
IgA, IgM, IgG (t=-0.57...-0.86, p < 0.01).

Conclusion. The presence of P. gingivalis, F. nucleatum, F. alocis,
and V. dispar in the oral microbiome of patients with chronic ge-
neralized periodontitis contributes to the suppression of cellular
and humoral immunity and is a potential biomarker of severe and
progressive disease, which should be taken into account during
comprehensive therapy.

Keywords: gingivitis, periodontitis, microbiome, Porphyromonas
gingivalis, Filifactor alocis, Veillonella dispar, immune status, cytokines
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Pesrome: OGocHOBaHME poan 1mapo40HTOIIaTOTEHHbIX MUKpOOpTa-
HI3MOB IIpM BOCIIAAMTEABHBIX 3a001€eBaHMsIX ImapoAOHTa 1 3aIly-
CKaeMoro M1 MMMYHHOTI'O OTBETa B lrraToreHesze MoxkeT OTKPDITD
HOBbI€ BO3MO>KHOCTU AASL AVMMAaTHOCTUKU, HpOCl)I/I/laKTI/IKI/I n ae4de-
HUST AQHHOV IaTOAOTUMN.

ITeab — aHaAM3 B3aMMOCBsI3ell MeXKAY TaKCOHOMUYECKUMI OCO-
GeHHOCTSIMI MUKPOOVIOMa COAep>KIMOTO AecHeBOo1 60po3 bl / 1a-
POJAOHTAaABHOTO KapMaHa ¥ MMMYHOAOTMIECKIMY TI0Ka3aTeAsIMI
y TaI[MeHTOB C TMHTUBUTOM U XPOHUYECKNM TeHepaAn30BaHHBIM
napogoututoM (XITI) pazanynoni crenieHu TsAKeCTH.

Marepmnaansl m MeTOAbBL [IpoBOoguan cexseHnpoBaHMe TeHa 165
pPHK B cootsercTBum ¢ nporokoaom Illumina g4s onpegeaenns
BIIAOBOTO COCTaBa MMKpOOMOMa COAEP>KIMOIO AeCHEeBOIl DOpos-
ABl U MTapOAOHTAaALHOIO KapMaHa 84 marueHTOB. B oToOpaHHbIX
oOpasiiax MeTo40M MMMYHO(EPMEeHTHOIO aHaAM3a OIpeseasan
KOHILIEHTpalMIO IIpO- ¥ IIPOTMBOBOCHAAMTEABHBIX ILIMTOKIHOB.
B nepudepnueckon Kposu o0CAeJ0BaHHBIX AULL OLEHMBAAI CO-
Aep>kaHye MMMyHOr100yAnaoB A, M 1 G u parountapHoi akTuB-
HocTtu HelTpoduaos. Cratucrudeckast o6paboTka AaHHBIX U X
KOppeAsAIIMOHHbIN aHaAU3 IIPOBOANANCEH C IIOMOIIBIO IIPOrpaMM-
Horo maketa Statistica 10.

PesyabTaTbli m 0OCyXaeHme. YCTaHOBAEHO, YTO y MalleHTOB
C BOCHaAUTeAbHBIMY 3a001€BaHIsIMY [TapOAOHTA B POTOBOM KIA-
KoCTM moBbmaance yposau /-2, DHO«a u VI1-4, a Takke sIgA
Ha (OHE CTATUCTMIECKM 3HAYMMOTO CHIDKeHMs yposneit V1/1-6
n 111-10. B nepudeprraeckoir kposu y manuentos ¢ XITI ormeua-
AUCH AVCUMMYHOTA00yAMHEMIST U CHYDKeHUe arolnTapHON ak-
TUBHOCTY A€MKOLMTOB. BBIABAEHDI 3HaUMMasl «I10A0XKUTeAbHas»
KOppeAsIus MeXay HaAumdlieM B OpalAbHOM MUKpOOMOMe Ipej-
craBuTeaeit suja V. dispar u nmossimiennem ypossert @PHOq, 111-2,
NA-4 n sIgA (1=0,27...0,36, p<0,05), a Tax>ke «oTpuIjaTeAbHAs»
Koppeasanus BcTpedaeMoctu acconuanym F. nucleatum, T. forsythia
u F. alocis ¢ pajom mMmyHoAormuecknx mokxasarteaeit — ®PHOq,
VA-2, 1A-4, sIgA, IgA, IgM, IgG (t=-0,57... - 0,86, p<0,01).

3akatodenne. [lpucyTcTBue B OpaabHOM MUKpoOHMOMe y IIa-
LMIEHTOB C XPOHMYECKUM TI€HepaAM30BaHHBIM IIapOJOHTUTOM
P. gingivalis, F. nucleatum, F. alocis n V. dispar mpuBOAUT K yrHeTe-
HIUIO KAETOYHOTO M I'yMOPaAbHOTO 3B€HbEeB MMMYHMTETA U sBAS-
€TCs TIOTEHIIMAABHBIM OMOMapKepoM TsDKEeAOTO IIPOrpeccupy-
IOIIero TeyeHns 3aboaeBaHN:A, YTO HEOOXOAVMO yUMUTHIBATDH IIPU
IIPOBEAEHNI KOMILIE€KCHOI Teparin.

KarogeBble caoBa: TUHIVBUT, ITapOJOHTUT, MUKPOONOM,
Porphyromonas gingivalis, Filifactor alocis, Veillonella dispar, iMmmyH-
HBIVI CTATYC, IIUTOKMHEI
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Introduction

Inflammatory periodontal diseases (IPD) (gingivitis, periodontitis) are among
the most prevalent diseases of the maxillofacial region, which, as they progress,
lead to increased tooth mobility and tooth loss, thereby adversely affecting patients’
quality of life [1; 2]. The recurrence and generalization of this pathology are driven
by a chronic, indolent, and poorly controllable infectious-inflammatory process in
periodontal tissues. A key role in the etiology and pathogenesis of these diseases is
played by periodontopathogenic microorganisms and their interaction with humoral
and cellular factors of the host immune system [3—5].

The human oral microbiota/microbiome comprises more than 700 species of various
microorganisms that form a symbiotic biofilm on tooth surfaces [6—8]. Dysbiotic
shifts in the oral microbiota, arising from the action of various adverse factors (poor
oral hygiene, improper dietary habits, stress exposure, etc.) and accompanied by
an increase in the pool of periodontopathogens, contribute to the development and
progression of inflammatory periodontal diseases, with gingivitis transitioning into
chronic generalized periodontitis [2].

Periodontopathogens include Porphyromonas gingivalis, Aggregatibacter actinomy-
cetemcomitans, Tannerella forsythia, Treponema denticola, Fusobacterium nucleatum, Pre-
votella intermedia, Streptococcus intermedius, Campylobacter rectus, Peptostreptococcus
micros, members of the phylum Spirochaetes, and others. All periodontopathogens are
divided into two orders: Order I includes P. gingivalis, A. actinomycetemcomitans, and
T. forsythia, which promote rapid disease progression, as their pathogenicity/virulence
factors areimplicated in tissue destruction and intracellular parasitism by the pathogens
[9]; Order Il comprises T. denticola, F. nucleatum, P. intermedia, S. intermedius, and others,
which play a substantial but less critical role in the development of inflammatory
periodontal pathology. However, representatives of Order II can form associations
with other periodontopathogens, which may subsequently lead to inflammation.
Such associations may involve P. gingivalis and T. forsythia, which can initiate an
inflammatory process in the subgingival area, while consortia of P. intermedia with
other periodontopathogens are linked to disease progression [10; 11].

Furthermore, in addition to the complex of dysbiotic shifts in the structure of the oral
microbiota, pathological changes in the immune status make a substantial contribution
to the development of IPD [12—14], correlating with the severity of gingivitis and
periodontitis [15]. Immune cells stimulated by subgingival plaque extensively
infiltrate the gingival connective tissue and secrete numerous cytokines, which play
a key role in the additional recruitment of immunocompetent cells, modulation of
osteoclast activity, and control of pathogenic microorganisms [16]. Pro-inflammatory
cytokines such as IL-1 and the chemokine CXCL6 exert a pronounced regulatory
influence on the immune cell response and the inflammatory process associated with
the destruction and resorption of hard periodontal tissues [7; 17]. The involvement
of various components of adaptive immunity in the pathogenesis of IPD should be
emphasized. Thus, in an experimental model of periodontitis in rats, a decrease in
cellular (total T-lymphocytes, T-helper cells) and humoral (B-lymphocytes) immunity
parameters was observed [18].

Periodontopathogenic microorganisms cause inflammation and destruction in
periodontal tissues either directly, by disintegrating the corresponding histostructures
of the affected tooth, or indirectly, when, in response to their aggression, a complex of
immunopathological mechanisms is triggered, promoting the destruction of alveolar
bone, which is accompanied by changes in the microbiota composition and the growth



Advanced targets in Biomedicine 2026 127 of 136

of periodontopathogens [19]. This creates a self-sustaining vicious cycle that maintains
and drives the progression of periodontal disease. The literature contains relatively
few data on the correlation between the occurrence of certain microbial species and
changes in immune status indicators that reflect the progression of periodontitis [20;
21]. Moreover, the focus of such studies is typically limited to a narrow range of known
periodontopathogens, whereas the relationships of other representatives of the oral
microbiota with the human immune system in IPD remain poorly understood.

Aim of the study

To analyze the relationships between the taxonomic features of the microbiome
of the gingival sulcus / periodontal pocket content and immunological indicators in
patients with gingivitis and chronic generalized periodontitis of varying severity.

Materials and methods

The study analyzed the microbiome composition of the gingival sulcus and
periodontal pocket content and a range of immunological parameters in 84 patients
who sought dental treatment at the Primadent Dental Clinic in Ufa between 2021
and 2023. Patients with clinically confirmed diagnoses of inflammatory periodontal
diseases were divided into 4 groups: 15 patients with gingivitis (mean age 31.4 years);
30 patients with mild chronic generalized periodontitis (CGP) (mean age 49.8 years);
39 patients with moderate CGP (mean age 53.4 years); the comparison group (control)
consisted of 21 healthy individuals without signs of IPD (29.1 years). Patients were
excluded from the study if they had a history of systemic diseases; acute or chronic
somatic diseases in the decompensation stage; oncological diseases; HIV infection;
hepatitis B and C; antibiotic, hormonal, or cytostatic drug intake within 4 months
prior to the study; pregnancy; breastfeeding; or smoking. Informed consent was
obtained from each participant, ensuring the voluntary and informed nature of their
participation in the study. This approach ensured the representativeness of the sample
and minimized the influence of extraneous factors on the study results.

Biomaterial sampling was performed by a periodontist by inserting sterile paper
endodontic absorbent points, size No20 according to ISO (META BIOMED, South
Korea), into the depth of the gingival sulcus or periodontal pocket for 15 seconds. The
points were then placed into sterile tubes containing transport medium (DNA/RNA
Shield, Zymo Research, USA). Subsequently, the obtained material was delivered to
the laboratory, where DNA was extracted from samples pre-homogenized in a lysis
solution with beadsusing the sorbent column method (QIAamp DNA Mini Kit, Qiagen,
Germantown, MD, USA) in accordance with the manufacturer’s recommendations.
Sequencing was performed at the Serbalab genetic laboratory (St. Petersburg).
Libraries for 16S DNA sequencing were prepared according to the Illumina protocol
for the preparation of 16S metagenomic sequencing libraries (16S Metagenomic
Sequencing Library Preparation. Part #15044223 Rev. B). Reagent kits were purchased
from Illumina (Illumina, San Diego, CA, USA). Sequencing was performed on the
[Nlumina platform (MiSeq device model) with a paired-end read length of 2x300 bp.
To amplify the target fragment of the 165 rRNA gene using recommended primers
for the V3-V4 region, 5ng of total DNA per sample was used. Twenty-five PCR
cycles were performed using the KAPA HiFi HotStart ReadyMix (2x two-step PCR)
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(Roche Diagnostics, Zug, Switzerland), and the obtained data were processed using
a bioinformatics pipeline in the programming languages R v.3.6 and Python3. At the
first stage of processing, primer sequences were trimmed from paired-end reads,
and reads lacking primers were discarded. Subsequently, poor-quality reads (phred
score below 10) and short reads (less than 200 bp) were removed, and the remaining
data were processed using the DADA2 pipeline to identify exact sequence variants
[22]. Each sample accounted for 20,000 to 80,000 reads. Taxonomic identification of
the obtained exact sequence variants was performed using the Naive Bayes method
implemented in the DADA?2 package function in the R environment, employing the
SILVA v138 reference database [23].

The concentrations of cytokines (IL-2, IL-4, IL-6, IL-10, TNFa) and secretory
immunoglobulin A (sIgA) in the gingival sulcus or periodontal pocket content
were determined by enzyme-linked immunosorbent assay using reagents from JSC
VECTOR-BEST (Novosibirsk). Fasting venous blood was also collected from the cubital
vein; serum levels of IgA, IgM, and IgG were determined by radial immunodiffusion
in gel according to Mancini using monospecific antisera. To assess the nonspecific
component of immunity, the phagocytic activity of neutrophils was evaluated using
the latex particle method.

Statistical data processing was performed using the Statistica 10 software package.
To assess the occurrence of bacteria in patients of different groups, Cramér’s
correlation coefficient (V) was used [24], whereby only those dependencies with
a coefficient of no less than moderate strength and above — on the order of 0.5 or
higher — were taken into account. The evaluation of immunological parameters in
the examined patient groups was carried out using analysis of variance — parametric
Fisher's ANOVA or non-parametric Kruskal —Wallis test, the latter being applied
in cases where the analyzed data could not be considered as modifications of the
Gaussian normal distribution. To investigate the correlation between the occurrence
of bacteria of a particular species, as well as their associations, and immunological
parameters (levels of IL-2, IL-4, IL-6, IL-10, TNFq, sIgA, concentrations of serum IgA,
IgM, and IgG, phagocytic index, phagocytic number), Kendall’s t rank correlation
coefficient was used.

Results and discussion

As a result of metagenomic studies, the dominant microbial species were identified
in healthy individuals from the comparison group, as well as in patients with
gingivitis, mild chronic generalized periodontitis (mild CGP), and moderate chronic
generalized periodontitis (moderate CGP).

Thus, in healthy individuals, the gingival sulcus content showed a predominance of
bacterial species such as Streptococcus pseudopneumoniae, S. parasanguinis, Haemophilus
haemolyticus, Lactobacillus fermentum / plantarum / reuteri / salivarius, which occurred
more frequently than in IPD. In patients with gingivitis, a predominance of the species
Gemella haemolysans, Streptococcus anginosus, Aggregatibacter segnis, Veillonella parvula,
and Leptotrichia wadei was noted, and most bacterial taxa that were not detected in
healthy individuals but were characteristic of the periodontal pocket microbiota of
patients with CGP — in particular, P. gingivalis, A. actinomycetemcomitans, T. forsythia,
T. denticola, F. nucleatum, Filifactor alocis, Capnocytophaga sputigena — were identified at
low concentrations in these patients.
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The results of the correlation analysis indicated the presence of a statistically
significant relationship between the frequency of occurrence of certain bacterial
species and the group affiliation of patients with different types of IPD, including
with regard to the severity of CGP (Table 1). The table presents data only for those
bacterial species whose correlation coefficients with IPD were at a moderate level or
higher (V 20.50).

Table 1
The frequency of occurrence of certain types of bacteria
in the gingival sulcus / periodontal pocket in the examined individuals
and its correlation with the group affiliation of the patients
The frequ.enfzy of occurrence ‘of c‘er‘tain ty}())es of Cramér's
Types of bacteria bacteria in the examined individuals, % correlation
Healthy | Gingivitis | Mild CGP |Moderate CGP coefficient (V)
(n=21) (n=15) (n=30) (n=39)
F. nucleatum 0 0 73 82 0,70
P. ¢ingivalis 5 13 70 82 0,64
V. dispar 0 0 67 62 0,56
F. alocis 0 7 53 67 0,57
T. denticola 0 40 47 59 0,54
S. gordonii 0 7 37 51 0,54
L. fermetum‘ / plgntarum / 36 30 3 15 0,71
reuteri / salivarius
Streptococcus spp. 100 93 53 41 0,50

Thus, the most pronounced correlation (V =0.70, p <<0.0001) was found between
the detection of F. nucleatum in the oral microbiome (gingival sulcus/periodontal
pocket) and the presence of CGP in patients. Bacteria of this species were detected
in the majority of patients with mild CGP (73%) and moderate CGP (82%), whereas
they were not found in patients with gingivitis or in healthy individuals from the
comparison group. A similar correlation (V=0.64, p <<0.0001) was observed when
analyzing the frequency of occurrence of P. gingivalis species, which were recorded
in the overwhelming majority of patients with mild and moderate CGP — 70 % and
82 %, respectively. In the transition of CGP from mild to moderate severity, this
periodontopathogen occurred somewhat more frequently, although the differences
proved to be statistically insignificant (p >0.23). The obtained results are consistent
with the data of other studies [25; 26], which may indicate the significance of
P. gingivalis colonization in initiating disturbances of the homeostatic balance of the
normal oral microbiota with subsequent development of periodontal inflammation.

A statistically significant correlation (V=0.56, p<<0.0001) was found between
the group affiliation of the examined individuals and the frequency of occurrence
of V. dispar (Table 1). The proportions of patients with CGP of varying severity
in whom bacteria of this species were detected in the studied samples differed
insignificantly — 67 % in the mild group and 62 % in the moderate group; meanwhile,
these bacteria were not recorded in the material from healthy individuals and
patients with gingivitis. A similar conclusion applied to the frequency of occurrence
of F. alocis (V =0.57, p <<0.0001): in patients with mild and moderate CGP, bacteria of
this species occurred in 53 % and 67 % of cases, respectively, whereas they were not
detected in healthy individuals and were found in only 7 % of cases in patients with
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gingivitis (Table 1). In the gingival sulcus content samples of healthy individuals, T.
denticola was not detected, while in the material from patients with gingivitis and
CGP, the frequency of detection of this bacterial species was equally high (40—59 %,
p>0.05) and statistically significantly correlated with the presence of IPD (V =0.54,
p <<0.0001). The presence of IPD in patients also correlated with the detection of
S. gordonii bacteria in their oral microbiome (V =0.54, p<0.0001), and these bacteria
occurred with a gradient increase in frequency across the series gingivitis — mild
CGP — moderate CGP (7 %, 37 %, and 51 %, respectively). These results indicate
the involvement of bacteria of these species in the development and progression of
inflammatory periodontal pathology (Table 1).

It should be noted that the disparity in the detection of such a well-known
periodontopathogen as T. forsythia among the examined individuals proved to
be less pronounced, and the correlation with IPD was weaker than in the cases
described above (V =0.46, p<0.0001), although a gradient increase in the frequency
of occurrence of these microorganisms was recorded across the analyzed groups —
healthy individuals, patients with gingivitis, patients with mild CGP, and patients
with moderate CGP — from 10 % to 85 %.

At the same time, an inverse correlation was also revealed between the presence of
IPD and the frequency of occurrence of certain bacterial species/genera in the studied
material, primarily such representatives of the normal oral microbiota as lactobacilli
and streptococci. For instance, bacteria of the genus Lactobacillus were detected in the
majority of healthy individuals and patients with gingivitis (86 % and 80 % of cases,
respectively) and far less frequently in patients with mild and moderate CGP — in 3 %
and 15 % of cases, respectively (V =0.71, p <<0.0001). A similar pattern was observed
when analyzing the frequency of occurrence of bacteria of the genus Streptococcus in
the oral cavity (V=0.50, p<0.0001), which were detected almost twice as rarely in
patients with CGP as in healthy individuals and patients with gingivitis (Table 1).
It should be noted that streptococci are among the dominant microorganisms of the
oral normobiota; however, some representatives of this genus, in particular S. gordonii
and S. intermedius, may be involved in the development of periodontitis [27].

The data obtained indicate that the progression of IPD is associated with changes
in the species composition of the oral microbiome, manifested in the predominance
of periodontopathogen colonization in this biotope against the background of its
reduced colonization by lactobacilli and streptococci. This fits into the logic of IPD
pathogenesis, since it is known that lactobacilli, possessing high adhesive capacity and
pronounced antagonistic activity, can compete with periodontopathogenic bacteria
for attachment receptors on epithelial cells, inhibit their biofilm formation, and
prevent their proliferation [28—31]. Evidently, the suppression of Lactobacillus spp.
proliferation (and possibly that of some bacterial species of the genus Streptococcus) is
associated with a decrease in the colonization resistance of the oral biotope, creating
favorable conditions for the growth and multiplication of periodontopathogens of
various species, thereby contributing to the development and progression of IPD
with the involvement of the body’s immune system in the pathological process.

In this regard, we conducted an analysis of a number of immunological parameters
in the examined individuals, which showed that in patients with IPD (gingivitis
and CGP), the levels of pro-inflammatory (IL-2 and TNFa) and anti-inflammatory
cytokines (IL-4), as well as sIgA, were elevated against the background of decreased
levels of IL-10 and IL-6 and reduced phagocytic activity parameters (Table 2).
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Table 2
Immunological indicators in the examined individuals
in the analyzed groups, Me (Q1 and Q2)
Immunological indicators in the examined individuals
Indicator 'in ’Fh'e 'emalyzed gr'oups
Healthy Gingivitis Mild CGP Moderate CGP
(n=21) (n=15) (n=30) (n=39)
IL-2, pg/mL 11.3 (11.0; 11.6) | 12.8 (12.5;13.1)* | 15.4 (14.3; 16.2)* | 26.5 (24.3; 27.0)*
IL-4, pg/mL 3.3(3.1,4.0) 4.3 (4.3,4.8) 4.6 (4.2,4.9) 6.8 (6.1; 6.9)*
IL-6, pg/mL 1.0 (0.9; 1.0) 0.9 (0.9; 1.0)* 0.9 (0.7; 1.0)* 0.8 (0.7; 0.8)*
IL-10, pg/mL 9.5 (8.9;9.8) 8.1 (7.8; 8.2)* 4.1 (3.9; 4.5)* 2.2 (2.0, 2.4)*
TNFa, pg/mL 3.3(2.7;,4.2) 9.5 (8.5, 15.6)* | 19.4 (17.5; 23.2)* | 44.8 (41.6; 48.8)*
sIgA, g/L 211.0 176.0 389.9 466.4
(159.8; 262.2) (138.9; 213.1) (327.7;461.1)* | (393.3; 539.5)*
IgA, g/L 1.6 (1.4;1.9) 1.8 (1.5;2.3) 2.0(1.5,2.3)* | 4.21(3.7;5.0)*
IeM, g/L 1.4 (1.1;1.6) 1.4 (1.0; 1.6) 1.3 (1.0; 1.6) 2.1 (1.1; 3.6)*
IeG, g/L 13.5(12.0; 15.0) | 12.9 (12.0;13.8) | 14.0(9.6; 14.4) | 20.2 (15.8; 24.6)*
Phagocytic index, % 58 (56, 68) 56 (52; 68) 32 (27; 36)* 29 (26; 36)*
Phagocytic number, ) ) s o
particles / cell 8(7;9) 9(8;9.5) 33 4) 2.5(2;3)

Note: significant changes compared to the group of healthy individuals.

The levels of IL-2, IL-4, IL-6, IL-10, and TNFa were significantly dependent on the
presence of a particular form of IPD in patients (x2=64.2...88.2, p << 0.0001), with the
dynamics of IL-6 and IL-10 showing a “mirror” pattern relative to the changes in IL-
2, IL-4, and TNFa. The assessment of sIgA levels in the gingival sulcus / periodontal
pocket content indicated a modification of the normal distribution of this parameter
(Dmax=0.9, p>0.20); therefore, the analysis of the dependence of sIgA levels on
the group affiliation of patients was performed using parametric Fisher’s analysis
of variance. The dependence proved to be quite pronounced — n?=75%, F=97.5
(p<<0.0001).

In addition, patients with CGP, compared to healthy individuals and patients
with gingivitis, exhibited altered functional activity of peripheral blood leukocytes
(Table 2), and the degree of reduction in the phagocytic index and phagocytic number
depended on the group affiliation of the examined individuals (x?=55.0 and x2=68.3,
respectively; p <<0.0001).

The modifications of the cytokine profile and sIgA levels revealed in patients with
CGP apparently reflect manifestations of a mixed inflammatory response with a
predominance of the pro-inflammatory reaction. The active nature of inflammation
is indicated by the increased levels of pro-inflammatory cytokines (IL-2 and TNFa«),
which were simultaneously combined with an increase in the levels of the anti-
inflammatory cytokine IL-4 and sIgA, which may reflect a compensatory mechanism
aimed at regulating the inflammatory response. At the same time, the decreased levels
of IL-10 (an important anti-inflammatory cytokine) and IL-6 (which has variable
functional activity) probably confirm the insufficiency of anti-inflammatory control
and indicate an imbalance in the immune response with a shift toward inflammation.
Overall, the characterized deviations of these immunological parameters appear to
indicate ineffective suppression of an already established and indolent inflammatory
process in CGP.
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Noteworthy is the fact that the transition of CGP from mild to moderate severity was
accompanied by an increase in systemic humoral immunity parameters, in particular,
the levels of serum immunoglobulins A, M, and G (Table 2). The serum levels of IgA
and IgM in peripheral blood depended on the presence of IPD in patients — x*=75.6
and x*>=48.6, respectively (p <<0.0001). The serum IgG level also depended on the
group affiliation of patients (n?>=40 %, F=22.6, p<<0.0001), with a substantial and
significant surge in the mean IgG level to 20.2+4.4 g/L (p<0.0001), as in the cases
discussed above, occurring only in patients with moderate CGP.

Evaluating the totality of the presented data on the immunological parameters
of the examined individuals (healthy and those with inflammatory periodontal
pathology), it should be noted that the observed shifts in the immune status in patients
with CGP apparently reflect a disruption of the balance between innate and adaptive
immunity with a tendency toward immune response dysregulation and indicate the
development of secondary immunodeficiency in patients with this pathology against
the background of a torpid inflammatory course with prolonged antigenic stimulation
by periodontopathogenic microorganisms.

This assumption was indirectly confirmed by the results of the correlation analysis,
which revealed significant relationships between the occurrence of certain bacterial
species in the oral cavity, as well as their associations, and the level of expression of
individual immunological parameters.

Thus, the presence of V. dispar bacteria in the oral microbiome was accompanied
by increased levels of TNFa, IL-2, IL-4, and sIgA (t=0.32, t=0.27, 1=0.36, T=0.36,
respectively; p<0.05) and was also associated with a decrease in the phagocytic
activity of neutrophils (t=-0.78, p<0.01). The analysis of relationships between
immunological parameters and bacteria of other species occurring in isolation in the
gingival sulcus / periodontal pocket content revealed no significant correlations.

At the same time, it was established that the values of a number of immunological
parameters correlate with the colonization of the oral cavity by two- and three-
component associations of certain microorganisms. In particular, a negative
correlation was revealed between the presence of F. nucleatum, F. alocis, and T. forsythia
(in various combinations) in the oral biotope and the levels of TNFa, IL-2, IL-4, and
slgA (t=-0.57...-0.86, p<0.01), as well as humoral immunity parameters, namely
IgA, IgM, and IgG (t=-0.67, 1=-0.71, and t1=-0.57, respectively; p<0.01). Itis
possible that periodontopathogens may secrete substances that suppress cytokine
production and sIgA synthesis, their sorption, and/or destruction (enzymatic cleavage
by proteases), thereby subverting the immune response, which contributes to the
persistence of the pathogens in the body and accounts for the chronic course and
progression of IPD.

At the same time, a negative correlation was observed between the presence
of L. fermentum [ plantarum [ reuteri / salivarius in the oral microbiome and immuno-
logical parameters such as IL-2, IL-4, TNFa, and sIgA (t=-0.34, t=-0.28, t=-0.36,
t=-0.32, respectively; p<0.05), and a positive correlation was observed with the
phagocytic activity of leukocytes (t1=0.78, p<0.01). This may be associated with
the ability of Lactobacillus spp. to inhibit pathogenic microorganisms by triggering
an immune response [29—31] and/or to exhibit antagonistic activity against perio-
dontopathogens.

Undoubtedly, further studies are required to confirm the identified patterns and
to elucidate the mechanisms underlying the observed correlations.



Advanced targets in Biomedicine 2026 133 of 136

Conclusion

Theresultsofthestudyindicated substantialtaxonomicchangesintheoralmicrobiota
in patients with gingivitis and chronic generalized periodontitis compared to healthy
individuals, evidencing the development of pronounced dysbiotic disturbances in
the oral cavity in inflammatory periodontal diseases. Not only individual microbial
species were identified but also their associations, which likely play a decisive role
in the etiology and pathogenesis of inflammatory periodontal diseases. The obtained
data confirm the necessity of conducting metagenomic studies to investigate the
structure of the oral microbiome, to identify novel periodontopathogens and/or
etiologically significant multispecies microbial consortia, as well as to analyze the
nature of their interactions (antagonism/synergism) and to assess the influence
of the oral microbiota on the host immune response and its contribution to the
development of concomitant (systemic) diseases, taking into account the changes in
the immunological status of patients observed in inflammatory periodontal diseases,
which affect both the humoral and cellular components of immunity and potentially
facilitate the spread (translocation) of infection from the oral biotope into the body.
The established level of genomic diversity and the identified distinctive characteristics
of the oral microbiota may serve as a valuable tool for the diagnosis and prognosis of
the course of inflammatory periodontal diseases, as well as for the development of
personalized strategies and the enhancement of the efficacy of therapy and prevention
of this pathology.
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