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Abstract

Introduction. Periodontal diseases are a common pathology with chronic periodontitis (CP) being the most
severe form. This polymicrobial disease has become a problem of great importance in recent years due to the
possibility of development of systemic effects associated with this condition. CP is often combined with type 2
diabetes (T2D). The main cause of the occurrence and development of periodontal pathology is played by the
bacteria Filifactor alocis, the least studied and most recently discovered periodontal pathogen.

The objective of this study was to identify bacteria of genus Filifactor as part of the periodontal microbiome
associated with CP and T2D and to clarify the mechanisms of their possible influence on associated metabolic
processes according to comparative metagenomic analysis.

Materials and methods. A metagenomic study of the microbiome of periodontal pocket samples from 28 patients
with CP associated with T2D and 22 patients with CP, as well as the microbiome of dental gingival sulcus samples
from 19 clinically healthy individuals was performed. 16S-sequencing of the ribosomal RNA gene was used
to determine the taxonomic composition of the microbiome. Prediction of metabolic pathways involving the
microbiome was performed with the help of the shotgun method.

Results. Filifactor bacteria were the one of the most frequent microorganisms only in patients with CP associated
with T2D. The rate of identification of these bacteria was correlated with low predicted metagenomic levels of
fatty acid biosynthesis and pyrimidine metabolism in the affected area.

Conclusion. The detection frequency of Filifactor bacteria in patients associated with CP and T2D is negatively
correlated with the selected features of putative metabolic pathways of the microbiome, which include fatty acid
biosynthesis and pyrimidine metabolism.
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baktepunm popa Filifactor y 60nbHbIX NapOAOHTUTOM N CaXapHbIM
AnabeTom No AaHHbLIM MeTareHOMHOro aHannsa MnKkpo6moma
napoAoHTa

LlapeBa T.B., iHywesnu 0.0., Llapes B.H.*, Banmacosa W.I.

MockoBckuni FOC)/napCTBeHHbIVI MefnKO-CTOMaTONOrnyecKum YHUBEPCUTET UMEHN A.N. EBpokumoBa, MockBa, Poccusa

AHHOMauus

BBeneHue. 3aboneBaHnsi napogoHTa — pacnpocTpaHEéHHas naTonorusi, Hanbonee TsHkEénon bopmMoi KoTopo
ABMSAETCSH XPOHUYECKMI NapodoHTWT. [Npobnema atoro nonMMuKpobHoro 3aboneBaHns B MocneaHue rogpl npu-
obpena ocoboe 3Ha4yeHne B CBA3M C BO3MOXHOCTBIO pa3BUTUS aCCOLUMPOBAHHbBIX C HUM CUCTEMHbBIX 3 (EKTOB.
[ OBOMbHO YaCTO XPOHUYECKMI NAPOAOHTUT COMETAETCS C caxapHbIM anabetom 2-ro Tuna (CO2). OcHoBHYO porb
B BO3HMKHOBEHMMN W Pa3BUTMU NATONOMMM NapoaoHTa urpatoT 6akTepmm, HaMMeHee U3yYeHHbIM CPeAN KOTOPbIX
SIBNSIETCS OTHOCMTENbHO HE4AaBHO OTKPbITbIM NapogoHTonatoreH — Filifactor alocis.

Lenblo nccnenoBaHns sBNsnock BoisiBneHne 6aktepuit poga Filifactor B coctaBe Mukpobuoma napogoHTa npu
accoumnaLmmn XpoHNYeckoro napofgoHTuTa u CA2 n yToyHeHWe MexaHU3MOB UX BO3MOXHOIO BIIMSAHUSA Ha accoLu-
MpOBaHHbIE MeTabonnyeckne NpoLecchl HA OCHOBAHMU CPABHUTENBHOINO METareHOMHOro aHanmaa.

Martepuanbl u metoasl. [lpoBegeHO MeTareHOMHOe uccrnegoBaHue obpasuLoB MUKpobromMa napogoHTanbHbIX
KapMaHOB 28 naumMeHTOB C accoumaumen XpoHM4eckoro napogoHTnta u CO2 n 22 naumeHTOB C XPOHUYECKNM
napoaoHTUTOM, a Takke Mukpobroma 3yboaecHeBow 60po3abl y 19 kKnnMHUYECKU 300poBbIX Nioaen. Ansa onpeae-
NeHUsi TaKCOHOMUYECKOrO cocTaBa MMKpPOOGMOMa ucnonb3oBanoch 16S-cekBeHnpoBaHue reHa pubocomarnbHow
PHK, npoBoaunock NporHo3npoBaHe MmeTabonnyeckux nyTen ¢ yd4actmem Mmkpobroma metogom apoboBuka.
Pe3ynkraTbl. [lony4eHHble pe3ynbraTthbl MO3BONUN YCTAHOBUTb, YTO TOMbKO MPU accoumaumm XpOHUYECKO-
ro napogoHtMTa u C2 ogHuMK 13 Hambornee 4acTo BCTPEYaLUMXCS MUKPOOpraHMamoB Obinu GakTepun poaa
Filifactor, npoueHT perncTpaummn KOTopbIX KOPPENMPOBAan C HU3KUMW NoKasaTensiMm MeTareHOMHOIO NMPOrHoO3mpo-
BaHMSA BMOCKMHTE3A XUPHBIX KUCNOT M MeTabonuama nupuMuanHa B odarax nopaxxeHusl.

BbiBoa. YacTtoTta BcTpeyaemocTu GakTepuin poga Filifactor y naumeHToB ¢ accoumalmei XpoHU4ecKoro napo-
poHTnTa n CO2 oTpuuartensHO KoppenvpyeT C OTAENbHbIMU 0COBEHHOCTAMY NpeanonaraeMbiXx MeTabonm4ecknx
nyTen Mnkpobuoma, B YNCNO KOTOPbIX BXOAAT BUOCUMHTES XKUPHBIX KUCNOT 1 METabonmam nMpuMmanHa.

KnroueBble cnoBa: 6akmepuu poda Filifactor, cybauHauganbHbIl MUKpObUuoM, Memabonusm, XpoHU4YecKul na-
podoHmum, caxapHsbilti duabem muna 2

Amuyeckoe ymeepxdeHue. VccrnenoBaHne NpoBoAMIIOCH Npy AO0GPOBONBHOM MHAOPMUPOBAHHOM COFflacumM nauu-
eHToB. [MpoTokon uccnegoBaHus ogobpeH MexXBy30BCKMM KOMUTETOM Mo 3Tuke . Mocksbl (npotokon Ne 06-22 ot
16.06.2022).

BnazodapHocms. B paboTe 6bina ncnonb3oBaHa MHPaCTPyKTypa YHUKaNbHOM Hay4YHON ycTaHOBKM « TpaHCcreHGaHK»
(HAW 6ronorum reHa PAH).

UcmouHuk ¢puHaHcuposaHusi. Pykonvcb NOAroToBrEHa 3a CYET (PUHAHCUPOBaHWSI N0 MecTy paboTbl aBTopoB ([ocy-
AapcTBeHHoe 3agaHue Munsgpasa Poccun Ne 056-00035-21-00 ot 17.12.2020).

KoHcpbnukm uHmepecoe. ABTOpbl AEKNapupyloT OTCYTCTBME SIBHBIX W MOTEHUMAnbHbIX KOH(MUKTOB MHTEPECOB,
CBA3aHHbIX C Nybnvkauvel HacTosiLeh cTaTbu.

Ana yumupoeaHusi: Liapesa T.B., Anywesny O.0., Llapes B.H., Banmacosa W.MN. Baktepuu poaa Filifactor y 6onb-
HbIX MapOAOHTUTOM U CaxapHbIM AMabeToM Mo AaHHbIM MeTareHOMHOro aHanusa Mukpobuoma napopoHTa. XKypHan
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Introduction

Periodontal diseases are widespread among the
adult population of our planet. Thus, about 740 million
people in the world suffer from severe periodontitis [1].
The relevance of this problem is even greater due to the
fact that in recent years both pathogenetic and causal
relationship has been established between oral diseas-
es and somatic diseases [2]. The relationship between
periodontitis and such systemic pathologic conditions
as type 2 diabetes (T2D), rheumatoid arthritis, athero-
sclerosis, adverse pregnancy outcomes, etc. is widely
discussed in other studies [3—5]. The persistent associ-
ation of T2D and chronic periodontitis (CP) as the two
diseases with the highest prevalence worldwide is of
particular importance [6, 7].

The International Diabetes Federation predicts
that the incidence of diabetes will steadily increase over
a long period of time and the number of patients will
exceed 500 million people by 2030 [8, 9]. Among pa-
tients with diabetes, about 90% are patients with T2D,
a non-insulin-dependent diabetes caused by a combina-
tion of decreased insulin secretion by pancreatic -cells
and increased cellular resistance to insulin [10]. Ma-
ny researchers show that metabolic changes associated
with diabetes are manifested at the systemic level and
contribute to the damage of many organs and tissues,
including the development of CP [11, 12], although the
mutual influence of these pathological processes is not
excluded either [3, 5].

CP has a polymicrobial nature. It is caused by
a number of microorganisms with properties of peri-
odontal pathogens and characterized by irreversible
course, accompanied by chronic inflammation of peri-
odontal tissues and its destruction along with damage
to the bone structure and tooth supporting apparatus,
which eventually leads to tooth loss. All the main caus-
ative agents of this disease (Porphyromonas gingivalis,
Tannerella forsythia, Aggregatibacter actinomycetem-
comitans, Filifactor alocis, Porphyromonas endodon-
talis, Treponema denticola, Prevotella intermedia, Fu-
sobacterium nucleatum, etc.), the so-called periodontal
pathogens of the I and II order or bacteria of the "red"
and "orange" complexes, as they were originally called
in international literature, are in complex interactions
with each other and with the immune system of the host
organism, which provokes both the development of
local changes in periodontal tissues and the following
consequences of these inflammatory and degenerative
changes on the systemic level [3, 13, 14].

Thanks to the development of biotechnology, there
is enough evidence that the oral microbiome in CP is
the main factor in the development of diabetes [15], al-
though there are still uncertainties in the study of the role
of individual periodontal pathogens in this problem.

Most studies on the relationship between peri-
odontal and systemic diseases have focused primarily
on the role of Porphyromonas gingivalis, which is con-

sidered a key periodontal pathogen [3, 14]. In recent
years, emphasis has been placed on the study of other
red complex periodontal pathogens. In addition to the
red complex bacteria, attention has been called upon
the importance of other culturable bacteria (Prevotel-
la intermedia, Fusobacterium nucleatum, Eykinella
corrodens, Eubacterium nodatum, Wolinella recta) as-
sociated with periodontitis, as well as non-culturable
(under the conditions of a conventional clinical labora-
tory) bacteria — Selenomonas, Sinergistes, Desulfobul-
bus, TM7, Filifactor alocis, identified as new potential
pathogens or orange complex periodontal pathogens [3,
13,16, 17].

One of the representatives of these species, Fili-
factor alocis (F. alocis), is a Gram-positive spore-form-
ing bacillus with obligatory anaerobic respiration,
forming filamentous clusters in the gingival biofilm,
which grows extremely slowly on nutrient media and
has low biochemical activity, which makes its identi-
fication difficult [18, 19]. F. alocis is an asaccharolytic
bacterium that utilizes certain amino acids, especially
arginine, for its growth [20].

The main habitat of F. alocis in the human body
is the gingival sulcus and possibly the intestine, while
a healthy person does not usually contain these bacteria
in the microbiome of their oral cavity (except for smok-
ers), unlike people suffering from periodontal disease
[20]. F. alocis bacteria have unique properties such as
resistance to oxidative stress, the ability to induce sys-
temic bone mass loss, the presence of genes encoding a
well-developed amino acid metabolism pathway, which
allows them to colonize periodontal tissues, to cause
periodontitis phenomena in the stressful environment
of the forming periodontal pocket like other tradition-
al periodontal pathogens [21-23]. These features of
F alocis, in addition to its ability to interact with oth-
er microbial species to form polymicrobial synergistic
relationships, may enhance the invasive properties of
these bacteria [24] and cause chronic inflammation
[25]. F. alocis can penetrate gingival epithelial cells and
induce their secretion of pro-inflammatory cytokines,
which contributes to the manifestations of pathogenici-
ty of this microbe [26].

Taken together, all these observations point to a
specific role of F. alocis in the oral cavity, which may be
important in the pathologic process [27, 28]. Due to the
lack of genetic tools to study this microorganism, for
a long time little was known about its ability to influ-
ence microbial metabolism in biofilm, its mechanisms
of virulence and especially, its role in the induction of
systemic effects [21].

Accordingly, the objective of the present study
was to identify Filifactor bacteria in the periodontal
microbiome with the association of CP and T2D and
to clarify the mechanisms of their possible influence on
the associated metabolic processes based on metage-
nomic analysis.
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Materials and methods

Sixty-nine people aged 40-65 years were under
observation. The main group included 28 patients with
the association of CP and T2D; the comparison group
consisted of 22 patients with CP without concomitant
somatic pathology; the control group included 19 con-
ditionally healthy individuals with intact periodontium,
without clinically expressed manifestations of somatic
pathology, with normal blood sugar and glycated hemo-
globin levels (Fig. 1). The number of women and men
in the comparison groups was nearly equal: 13 (46.5%)
and 15 (53.5%) in the CP + T2D group, 10 (45.4%) and
12 (54.6%) in the CP group, 9 (47.4%) and 10 (2.6%)
in the control group.

Due to the necessity of using pooled samples of
biological material for metagenomic studies, the max-
imum homogeneity of the study groups was a require-
ment; therefore, patients with mild and severe course of
pathological processes were excluded from the study, in
other words, all patients under study had a moderately
severe course of the diseases. Patients did not receive
treatment for CP during the last 6 months. Among pa-
tients with T2D, 11 patients received insulin therapy,
13 patients — oral sugar-lowering drugs, 4 patients —
combined therapy, which was taken into account when
distributing the samples for further pooling.

CP was diagnosed based on clinical and radiologic
findings according to the 2018 classification of periodon-
tal diseases [29]. Inclusion criteria of these patients in the
study were as follows: periodontitis of medium severity
with generalized lesions, the value of loss of gingival at-
tachment CAL 3—4 mm, the depth of probing pockets
4—6 mm, bone loss around teeth not more than 1/3 of
the root length, absence of tooth loss associated with
the disease. To confirm the diagnosis, we analyzed an-
amnesis data, determined the PHR (Patient Hygiene
Performance), OHI-S (Simplified Oral Hygiene Index),
CAL (Clinical Attachment Level), MMI (Miller Mobil-
ity Index), PBI (Papillary Bleeding Index), TL (tooth
loss) and the orthopantomography (OPG) data.

The diagnosis of T2D was established by an en-
docrinologist in accordance with the diagnostic crite-
ria of the World Health Organization 1999/2006/2011
[30], taking into account the clinical, anamnestic and
laboratory data. Inclusion criteria in the study were as
follows: disease duration 3—7 years; moderately com-
pensated disease course; remission stage; blood glucose
level < 7.8 mmol/l, glycated hemoglobin level < 8%.

Conditionally healthy control subjects were in-
cluded in the study only after consultation with a dentist
and endocrinologist.

The material for the study was the content of peri-
odontal pockets from patients with CP and dental gin-
gival sulcus in healthy subjects. The material was tak-
en from 4 sites in the area of the gingival sulcus using
sterile paper endodontic pins (#30), which were placed
in a test tube with 0.2 ml of a sterile physiologic solu-

ORIGINAL RESEARCHES

Clinical study group formation

— group infected with CP, associated with T2D

(28 people);

— group infected only with CP (22 people);

— group of conditionally healthy individuals (19 people)

Sampling from the periodontal pocket
(CP+T2D, CP) or dental sulcus (control)

16S rRNA gene sequencing

Shotgun sequencing of pooled samples by study group

Bioinformatics analysis of sequencing results with
determination of metabolic and taxonomic profiles of
samples

Fig. 1. Study design.

tion and shaken. The samples were stored at —20°C. The
study was conducted with the informed consent of the
patients. The research protocol was approved by the
Ethics Committee of the Interuniversity Ethics Com-
mittee of Moscow (protocol No. 06-22, June 6, 2022).

Total DNA was extracted from samples using the
QIAamp DNA Investigator Kit (Qiagen), the concen-
tration of genomic DNA was determined on a Qubit 2.0
fluorometer (Invitrogen) according to the manufactur-
er's instructions. Enriched microbial DNA (50-100 ng)
was fragmented using a Covaris S220 system (Cova-
ris). The final fragment size was determined using an
Agilent 2100 Bioanalyzer (Agilent Technologies) ac-
cording to the manufacturer's instructions. The purified
DNA was amplified using standard primers for the 16S
rRNA gene complementary to the V3—V4 region and
containing 5'-illumina adaptor sequences.

Sequencing of libraries and analysis of obtained
data were performed using MiSeq genetic analyzer
(Illumina) and MiSeq Reagent Kit v2 (Pharma).

The microbiome bioinformatics platform QIIME2
(Quantitative Insights into Microbial Ecology) [31]
and the SILVA database [32] were used to perform ta-
xonomic analysis of the results of sequencing of vari-
able regions of the /6S rRNA gene. Identification of
differences at the level of taxonomic compositions was
performed by variance analysis of data based on the
PERMANOVA test for microbial communities from
the QIIME2 functional [33]. The PICRUST?2 (Phylo-
genetic Investigation of Communities by Reconstruc-
tion of Unobserved States) method [34] was used to
predict metabolic profile from sequencing and 16S
rRNA gene profiling data [34], and STAMP statisti-
cal analysis of metabolic profiles was used to detect
statistical differences between groups at the level of
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predicted metabolic pathways [35]. Data of metage-
nomics analysis were visualized using GNU/R soft-
ware and Vegan package [36].

Results

At the first stage, /6S gene sequencing of the
small subunit of ribosomal RNA was performed, which
allowed us to determine the representation of different
taxonomic categories of bacteria in the samples from
the contents of the patients' dental sulcus.

The bioinformatic analysis revealed quite signifi-
cant features of the microbial composition of the den-
tal sulcus contents in CP associated with T2D which
have never before been noted by other researchers. The
features are as follows: significant predominance of 5
taxonomic groups of bacteria — representatives of the
Filifactor and Mycoplasma genera, Flavobacteriaceae
and Porphyromonadaceae families, Bacillales order —
and lower occurrence of 3 groups: TM7 as associates
of the actinomycetes, Atopobium and Fusobacterium
genera (Fig. 2).

The comparative analysis of the taxonomic profile
of microbiome of patients with CP, with or without as-
sociation with T2D, showed more frequent occurrence
in the first group of bacteria of the Filifactor and Trepo-
nema genera and lower frequency of occurrence in the
microbiome of 5 taxonomic groups: Bordetella and
Atopobium genera, Fusobacteriaceae and Veillonella-
ceae families, TM7.

In patients with CP without somatic pathology in
comparison with healthy people, bacteria of 5 taxonom-
ic groups: Anaerosinus and Bulleidia genera, as well as
the Bacillales, Bacteroidales, and Macellibacteroides
orders were encountered more frequently.

In general, the main peculiarity of the taxonomic
profile of the gingival sulcus microbiome with the as-
sociation of CP+T2D is the predominance of bacteria
with periodontal pathogenic properties belonging to the
Filifactor and Treponema genera in the samples. The
more frequent occurrence of prokaryotes of the Myco-
plasma genus, Flavobacteriaceae family and Bacillales
order compared to healthy people is a topic of interest
and requires further analysis.

One important fact that should be taken into ac-
count is that the most significant feature of the group
of patients with CP+T2D is the predominant represen-
tation of Filifactor genus bacteria in the microbiome.
According to this feature, the microbiome of this group
differs both from the group of healthy people and from
the group of patients with only moderate CP, in which
Filifactor genus bacteria are found in isolated cases.
The question that this brings up is to what extent this
feature is associated with the development of diabetes
and those metabolic changes observed in T2D and asso-
ciated mainly with the effect of the microbiome.

At the next stage, sequencing of pooled samples
was performed to determine the quantitative preva-

lence of certain taxonomic categories of bacteria in the
microbiome by individual pools of biological material
with functional traits that allowed to predict the main
metabolic pathways of the analyzed pooled microbio-
me samples belonging to different clinical groups
(15 pooled samples in each group).

Differences in the taxonomic diversity of metage-
nomes were fully reflected in the level of differences in
the predicted functional potential of microbial commu-
nities by study groups (Fig. 3).

A decrease in relative representation of 8 metabo-
lic pathways was found in the CP+T2D group com-
pared to the controls: fatty acid biosynthesis, pyrimi-
dine metabolism, methane metabolism, glycerolipid
metabolism, sphingolipid metabolism, tyrosine meta-
bolism, ascorbate and aldarate metabolism, ubiquinone
and other terpenoid-quinones biosynthesis.

When comparing the groups of CP with and with-
out T2D, differences in the representation of 5 metabol-
ic pathways were revealed: in the group of CP+T2D, an
increase in cysteine and methionine metabolism and a
decrease in pyrimidine metabolism, fatty acid biosyn-
thesis, methane metabolism, and sphingolipid metabo-
lism were observed.

In comparison to the controls, a decrease in the
relative representation of 4 metabolic pathways: cyste-
ine and methionine, sulfur, histidine, glycerolipids was
found for the CP group.

Ultimately, 4 metabolic pathways can be identi-
fied, the low level of which distinguishes the CP+T2D
group from controls and the CP group: methane me-
tabolism, sphingolipid metabolism, fatty acid biosyn-
thesis, and pyrimidine metabolism. CP, regardless of
association with T2D, was characterized by decreased
glycerolipid metabolism.

Functional analysis of pooled samples using the
Bray—Curtis criterion confirmed that, in general, the
group of CP patients was significantly closer to the
control in characterizing metabolic pathways than the
CP+T2D group.

Correlation analysis using Spearman correlation
coefficient () was performed to determine the relation-
ship between the revealed features of metabolic profiles
by study groups and the presence of representatives of
the genus Filifactor in the composition of the periodon-
tal pockets microbiome. The frequency of occurrence
of these bacteria in CP+T2D in our study showed a sig-
nificant level of negative correlation (» > 0.723) with
the prediction of two metabolic pathways — fatty ac-
id biosynthesis and pyrimidine metabolism, while all
these features in patients of this group were registered
3-5 times less frequently than in other cases.

Discussion

The highest occurrence of Filifactor bacteria, rel-
atively recently classified to the group of periodontal
pathogens of the first order [19], in the association of
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CP+T2D has been found by other authors among the
predominant representatives of the microbiome of
periodontal pockets [37—40], although without a de-
tailed comparison of the occurrence of this microorga-
nism in other groups.

ORIGINAL RESEARCHES

The data obtained by us on the peculiarities of
periodontal pockets microbiome metabolism in patients
with CP+T2D indicate a rather significant role of disor-
ders of fatty acids, pyrimidine, methane, glycerolipids,
and sphingolipids metabolism. Two of these features

Taxonomic group I CP+T2D LIcP | Control
Filifactor P | ® |
Bacillales P } ® |

Flavobactericeae F | ® |
Mycoplasma F | ® |
™7 b ——0—
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Atopobium b fF—CO—
Fusobacterium h —O0—
6 6,‘7 L10 —‘5 6 é 16 1‘5 26
Filtactor N ® |
Treponema F } ® |
Bordetella b \ O \
Fusobacteriaceae j | |
Atopobium b | |
Veillonellaceae b —C0—-A
a7 L —a—
6 6,7‘ L10 —‘5 (‘) 5‘ 1‘0 1‘5 26
Bacillales J | | |
Anaerosinus \—‘ | | ;
Macellibacteroides F } |
Bacteroidales ; | O |
Porphyromonas E —O—
Bulleidia |- O
6 9,:‘3 ‘—10 —‘5 6 é 1‘0 1‘5 2(‘)

Ratio, %

Ratio difference, %

Fig. 2. Taxonomic profile of periodontal pocket microbiome in comparison of study groups.
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Metabolic profile
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Fig. 3. Predicted profile of periodontal pocket microbiome metabolic pathways in the comparison of the clinical study groups.

(decreased biosynthesis of fatty acids and pyrimidine
metabolism) were correlated with the presence of Fili-
factor bacteria in the microbiome. The fact of such cor-
relation was confirmed by us for the first time; at the
same time, the importance of these metabolic pathways
of the microbiome with the association of CP+T2D is
discussed in modern scientific literature.

For example, when evaluating the metabolism of
F. alocis, there is emphasis on the importance of the
biosynthesis of saturated fatty acid, butyric acid, which
is involved in the pathogenesis of periodontitis [41].
Moreover, it is even proposed to use microbial butyric

acid as a marker of periodontitis, emphasizing that this
compound may affect the body's sensitivity to insulin
[42]. There is an opinion that the oral microbiome in
CP+T2D may be characterized by a decrease in the
number of bacteria producing butyric acid [43]. This
somewhat contradicts the data of our study, at least in
terms of significant representation of the Filifactor ge-
nus in the microbiome of the pathology under consider-
ation. At the same time, the deficiency of fatty acids that
have been established with the association of CP+T2D
may have another explanation. For example, if herpes-
viruses (especially Epstein-Barr virus) are present in
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the microbiome of subgingival biofilm, they have the
ability to actively consume the same butyric acid for
their reactivation [44]. All of this shows the possibility
of ambiguous interpretation of the obtained results and
the necessity for further research in this area.

The decrease in pyrimidine metabolism, cor-
related with the occurrence of . alocis, has also been
reported in the scientific literature as a sign of CP.
For example, there are reports that genes involved
in pyrimidine synthesis had significantly lower rel-
ative abundance in patients with periodontitis when
compared to healthy controls [45]. Pyrimidine is an
agonist of the GR119 receptor associated with hypo-
glycemic effects and a protective effect against pan-
creatic B-cells, which even allows us to recommend
pyrimidine derivatives as therapeutic agents in T2D
[46]. From this point of view, the state of pyrimidine
metabolism in the microbiome of periodontal tissues
with the participation of F. alocis may prove to be a
kind of marker of the association of periodontitis with
diabetes mellitus, and possibly one of the numerous
elements of T2D pathogenesis.

Thus, further study of these phenomena is prom-
ising not only from the point of view of deciphering
the etiopathogenetic role of bacteria of the genus Fili-
factor, but also from the point of view of improving
the methods of diagnostics and treatment of the above
mentioned combined pathology.

Conclusion

1. The microbiome of periodontal tissues in pa-
tients with CP associated with T2D has a number of
peculiarities concerning both its functional features and
taxonomic composition. In the latter case, researchers
concentrate their focus on recently established and so
far poorly studied bacterial representatives of the mi-
crobiome that are unculturable and have pronounced
periodontal pathogenic properties. Such microorgan-
isms include bacteria of F. alocis species in particular.

2. During a metagenomic microbiome analysis of
periodontal pockets of patients, Filifactor bacteria were
found to be significantly more frequent in the microbi-
ome of patients with CP+T2D than in those who only
have periodontitis or in healthy individuals. The detec-
tion rate of Filifactor bacteria in patients with CP+T2D
was negatively correlated with certain features of the
presumed metabolic pathways of the microbiome,
which included fatty acid biosynthesis and pyrimidine
metabolism.

3. The noted metabolic features, in particular, a
decrease in pyrimidine metabolism correlating with
the occurrence of F. alocis, according to the literature,
with a certain degree of probability can be considered
a pathogenetic factor in the development of periodon-
titis and/or T2D and can be regarded as a diagnostic
marker.
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