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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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2. Size of the article, including index and resume in English, Russian and Georgian languages must
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3. Submitted material must include a coverage of a topical subject, research methods, results,
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articles. Tables and graphs must be headed.
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each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Porphyromonas gingivalis (P. gingivalis) is a key pathogen
in chronic periodontitis, but its exact pathogenic mechanisms
remainunclear. This study aimed to investigate the transcriptomic
changes induced by P. gingivalis and identify potential key
pathways involved in periodontal pathogenesis. We performed
high-throughput sequencing and bioinformatic analyses on
oral epithelial cell exposed to P. gingivalis. Differential gene
expression analysis revealed 106 significantly altered genes
(p <0.05, [log2FC| > 1). KEGG pathway enrichment analysis
highlighted the involvement of TNF signaling, Notch signaling,
and ribosomal pathways. Protein-protein interaction network
analysis identified JAG2, a Notch ligand, as a key hub gene
significantly downregulated in P. gingivalis-treated samples. Our
findings provide new insights into the molecular mechanisms
of P. gingivalis-induced periodontal inflammation and suggest
potential therapeutic targets, particularly within the Notch and
IL-6 signaling pathways, for the treatment of periodontitis.

Key words. P. gingivalis, Periodontitis, Molecular maker,
JAG2.

Introduction.

Porphyromonas gingivalis (P. gingivalis) is a Gram-negative
anaerobic bacterium, widely recognized as one of the primary
pathogens of chronic periodontitis [1]. This bacterium
predominantly colonizes subgingival plaques, secreting
various virulence factors such as proteases, endotoxins, and
glycosidases, which directly destroy periodontal tissues and
elicit host immune responses. P. gingivalis not only degrades
connective tissue and extracellular matrix proteins but also
interferes with host defense mechanisms, promoting the
persistence of inflammation [2]. Moreover, it acts synergistically
with other oral bacteria to form complex biofilms, enhancing
its pathogenicity and antibiotic resistance [3]. Recent studies
suggest that the pathogenic effects of P. gingivalis may extend
beyond the oral cavity, potentially associating with various
systemic diseases such as cardiovascular diseases and diabetes,
highlighting the importance of further research on this bacterium
[4].

The rapid advancement of high-throughput sequencing
technologies has revolutionized microbiological research
on periodontitis. Compared to traditional culture methods,
sequencing technologies can detect unculturable or difficult-
to-culture microorganisms and provide detailed information
on community structure, species abundance, and functional
genes [5,6]. In periodontitis research, these technologies have
been extensively used to reveal differences in the microbiomes
of healthy and diseased states, identify potential pathogenic
bacterial groups, and elucidate mechanisms of host-microbe
interactions [7]. Additionally, sequencing data combined
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with bioinformatics analysis provide crucial insights into the
pathogenesis of periodontitis, the search for biomarkers, and the
development of new therapeutic strategies. With the introduction
of new techniques such as single-cell sequencing and long-
read sequencing, we can expect to obtain higher-resolution
microbiome maps, further advancing periodontological
research.

Methods.

Differential Gene Acquisition: The gene expression dataset
(GSE192887) was downloaded from the GEO database for
analysis. It contains sequencing data from 3 sets of oral epithelial
cells exposed to P. gingivalis and has 3 sets of untreated cells as
controls. We used the limma package in R to conduct differential
expression gene (DEG) analysis. We constructed a design
matrix and a contrast matrix, then used the ImFit() function to
fit a linear model. Adjusted p-values (FDR) < 0.05 and |log2FC|
> 1 were used as criteria for identifying DEGs.

KEGG Pathway Enrichment Analysis:

To understand the functional significance of the DEGs, we
performed KEGG pathway enrichment analysis using the
clusterProfiler package in R. We employed hypergeometric
testing to evaluate the enrichment of DEGs in each KEGG
pathway and used the Benjamini-Hochberg method to correct
p-values for multiple testing. Pathways with adjusted p-values
< 0.05 were considered significantly enriched.

Protein-Protein Interaction (PPI) Network Analysis:

We constructed the PPI network of DEGs-encoded proteins
using the STRING database. The minimum combined score
was set to 0.4, and the network was visualized using Cytoscape
software (version 3.9.0). We applied the MCODE plugin to
identify highly interconnected modules and the CytoHubba
plugin to identify key nodes within the network.

Statistical Analysis:

All statistical analyses were performed using R software
(version 4.2.3) and GraphPad Prism (version 9.5.0).
Comparisons between two groups were made using an unpaired
Student’s t-test. All tests were two-tailed, and p-values less than
0.05 were considered statistically significant. Data are presented
as mean = standard deviation (mean+SD).

Results.

Differential gene analysis:

Differential gene expression analysis revealed significant
changes in the transcriptome between the experimental
conditions. As illustrated in Figure 1, a total of 106 genes were
found to be differentially expressed (p < 0.05, [logFC| > 1). Among
these, 44 genes were significantly upregulated (red points), and 62
genes were significantly downregulated (blue points).
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Figure 1. Volcano plot of differentially expressed genes.
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Figure 2. Enriched pathways analysis of differentially expressed genes.
The Y-axis shows the top 5 significantly enriched pathways. The X-axis
represents the count of differentially expressed genes associated with
each pathway

Red points indicate significantly upregulated genes (Up), blue
points indicate significantly downregulated genes (Down),
and grey points represent genes with no significant change in
expression (Not). Some key differentially expressed genes are
labelled.

KEGG analysis:

To elucidate the biological significance of the differentially
expressed genes, we performed pathway enrichment analysis.
Figure 2 illustrates the top 5 significantly enriched pathways.
The TNF signalling pathway was also significantly enriched.
This pathway is crucial in inflammation and immune responses,
suggesting that these processes may be implicated in our
observed phenotype. the Notch signalling pathway was also
among the top enriched pathways. This finding suggests a
potential role for Notch signalling in P. gingivalis conditions,
which is consistent with its known functions in cell fate
determination, differentiation, and tissue homeostasis. Notably,
the ribosome pathway showed significant enrichment, indicating
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potential changes in protein synthesis machinery. This could
reflect an adaptive response to the experimental conditions or a
more fundamental alteration in cellular metabolism.

The Y-axis shows the top 5 significantly enriched pathways.
The X-axis represents the count of differentially expressed
genes associated with each pathway.

PPI analysis.

To gain deeper insights into the functional associations
between differentially expressed genes, we performed protein-
protein interaction (PPI) network analysis and MCODE cluster
analysis. The PPInetwork analysis (Figure 3A) revealed complex
interaction patterns among 21 differentially expressed genes.
These genes are involved in various crucial cellular processes,
including inflammatory responses, signal transduction, and
developmental regulation. The genes in the network exhibited
varying degrees of connectivity, suggesting different levels
of importance in the cellular response. To identify functional
modules within the network, we conducted MCODE cluster
analysis (Figure 3B). This analysis revealed two significant
functional clusters.
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Figure 3. Protein-Protein Interaction (PPI) network and MCODE
cluster analysis of differentially expressed genes. (4) PPI network
showing interactions among 21 differentially expressed genes. (B)
MCODE cluster analysis results.
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Figure 4. Figure 4: Hub gene analysis. () Venn diagram showing the
overlap between KEGG Notch pathway genes and top 10 hub genes
identified by Cytohubba. (B) Relative expression of JAG2 mRNA in
control and P. gingivalis conditions. * Indicates p < 0.05.



Table 1. The CytoHubba analysis in Cytoscape has identified the top
10 hub genes in our protein-protein interaction network.

Rank Name Score
1 IL6 15
2 IL1B 13
3 EDNI1 12
4 ANGPTL4 6
4 CXCL1 6
6 JAG2 5
7 GPC3 3
8 WNT9A 2
9 WNT7B 2
10 PIK3C2A 2
Analysis of key gene.

The CytoHubba analysis in Cytoscape has identified the
top 10 hub genes in our protein-protein interaction network
(Supplementary Table 1). This analysis helps to prioritize genes
based on their network centrality and potential importance in
the biological process under study. Venn diagram showing
the relationship between genes involved in the KEGG Notch
signalling pathway and the top 10 centred genes identified by
Cytohubba analysis. JAG2 overlaps in two gene sets (Figure
4A). The sequencing results showed a significant decrease in
JAG2 expression, especially considering its identification as a
hub gene in our network analysis. The downregulation of JAG2,
a Notch ligand, suggests a potential suppression or modulation
of Notch signaling in our experimental conditions (Figure 4B).

Discussion.

This study reveals the transcriptomic changes induced
by Porphyromonas gingivalis through high-throughput
sequencing and bioinformatics analysis, providing new
insights into the molecular mechanisms of periodontitis. Our
results highlight the potential key role of the Notch signalling
pathway, particularly its ligand JAG2, in the pathogenesis of
periodontitis. The significant downregulation of JAG2 suggests
not only the inhibition of the Notch signalling pathway but also
potential impacts on cell fate determination, differentiation,
and tissue homeostasis [8]. This finding is consistent with
previous reports on the role of Notch signalling in inflammatory
responses and tissue repair. However, it raises new questions: Is
the downregulation of JAG2 a protective response of the host
to P. gingivalis infection, or is it a pathogen-induced change
that facilitates its persistent infection? These findings not only
deepen our understanding of the pathogenic mechanisms of
P. gingivalis but also provide new directions for developing
targeted therapeutic strategies, particularly in regulating Notch
and inflammatory signalling pathways.

Our study further confirms the critical role of the interleukin-6
(IL-6) signalling pathway in the pathogenesis of P. gingivalis-
induced periodontitis. IL-6, a pleiotropic cytokine, activates
downstream molecules such as the JAK/STAT3 and MAPK
pathways through classical and trans-signalling pathways,
thereby regulating inflammatory responses, bone metabolism,
and tissue remodelling [9,10]. Additionally, IL-6 synergizes
with other inflammatory factors (e.g., TNF-a and IL-1B) to
amplify the inflammatory cascade [11]. Based on these findings,
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therapeutic strategies targeting the IL-6 signalling pathway,
such as using IL-6 receptor antagonists or JAK inhibitors, may
offer new options for treating periodontitis [12]. However,
considering the importance of IL-6 in maintaining tissue
homeostasis and immune defense, completely inhibiting its
signalling pathway may pose potential risks. Future studies need
to precisely regulate the intensity and duration of IL-6 signalling
to balance inhibiting excessive inflammatory responses while
preserving its physiological functions. Furthermore, exploring
the interaction networks of IL-6 with other signalling pathways
and its dynamic changes in different stages of periodontitis will
help develop more precise and effective therapeutic approaches.

In recent years, the role of the Notch signalling pathway in the
pathogenesis of periodontitis has attracted increasing attention
from researchers [13]. As a highly conserved intercellular
communication system, the Notch signalling pathway plays a
critical role in regulating cell fate determination, proliferation,
and differentiation [14]. Our results show that differentially
expressed genes are significantly enriched in the Notch
signalling pathway. Notably, the activation of the Notch
signalling pathway is positively correlated with the exacerbation
of inflammatory responses and the degree of alveolar bone
resorption. This correlation may be due to the involvement
of the Notch signalling pathway in regulating the production
of inflammatory factors and the differentiation of osteoclasts
[15,16]. Moreover, we observed complex interactions between
Notch signalling and other key pathways (e.g., NF-kB and
MAPK pathways), jointly affecting the inflammation and repair
processes of periodontal tissues [17,18]. These findings not
only deepen our understanding of the molecular mechanisms
of periodontitis but also provide potential targets for developing
new therapeutic strategies. However, the precise regulatory
mechanisms of the Notch signalling pathway in periodontal
tissues and its dynamic changes during disease progression
require further investigation. In the future, targeted therapy
for the Notch signalling pathway may offer new directions for
the prevention and treatment of periodontitis, but its safety
and efficacy need to be validated through more preclinical and
clinical studies.

JAG2, a Notch ligand, is critical for maintaining epithelial
barrier integrity, regulating immune responses, and suppressing
inflammation via inhibition of NF-kB and pro-inflammatory
cytokines (e.g., IL-6, TNF-a) [19]. In P. gingivalis-infected
cells, JAG2 downregulation disrupts Notch signalling, leading
to epithelial dysfunction, amplified inflammation, and impaired
tissue repair. This suppression may stem from bacterial virulence
factors targeting Notch pathways, exacerbating alveolar bone
loss by enhancing osteoclast activity. Restoring JAG2/Notch
signalling (e.g., via agonists or gene therapy) could stabilize
barrier function and mitigate inflammation, though precise
modulation is needed to balance pro- and anti-inflammatory
effects [20]. These insights position JAG?2 as a pivotal mediator
and potential therapeutic target in periodontitis.

Our study reveals a complex network of gene interactions in
the pathogenesis of P. gingivalis-induced periodontitis, with
JAG?2 emerging as a key player at the intersection of multiple
signalling pathways. The identification of JAG2 as both a hub
gene in our network analysis and a component of the Notch



signalling pathway underscores its potential significance in
our experimental system. JAG2, encoding Jagged2, a ligand
for Notch receptors [21], showed a significant downregulation
in our experimental conditions. This finding is particularly
intriguing given the well-established role of Notch signalling
in various cellular processes, including cell fate determination,
differentiation, and tissue homeostasis [22]. The reduced
expression of JAG2 suggests a potential attenuation of Notch
signalling, which could have far-reaching implications for
cellular behavior in our model.

While this study focused on transcriptomic changes in oral
epithelial cells, the interplay between epithelial and immune
cells is critical to periodontal pathogenesis. P. gingivalis is
known to subvert macrophage polarization toward a pro-
inflammatory M1 phenotype while impairing phagocytic
clearance [23], and it modulates neutrophil extracellular trap
(NET) formation to evade immune detection [24]. Our findings
on JAG2 downregulation and Notch signalling suppression may
indirectly influence immune cell recruitment (e.g., via altered
chemokine secretion) or macrophage-epithelial crosstalk. Future
studies should investigate whether JAG2 restoration in epithelial
cells mitigates P. gingivalis-driven immune dysregulation, such as
excessive TNF-o production or defective bacterial clearance, to
holistically address periodontal inflammation and tissue destruction.
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