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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
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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
by Cyrillic and Latin).

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.

Background: Periodontitis is a prevalent chronic inflammatory
disease characterized by progressive destruction of periodontal
supporting tissues, yet its precise molecular mechanisms
remain incompletely understood. This study aimed to identify
key pathogenic genes and elucidate the underlying molecular
mechanisms of periodontitis through integrated bioinformatics
analysis.

Methods: Periodontitis-related gene expression datasets were
retrieved from the Gene Expression Omnibus (GEO) database.
Differentially expressed genes (DEGs) were identified using
the limma package and visualized via volcano plots. Gene set
enrichment analysis (GSEA) was performed to characterize
enriched biological pathways. A protein-protein interaction
(PPI) network was constructed using the STRING database
and visualized in Cytoscape. Functional enrichment analysis
was conducted using the ClueGO plugin, incorporating
Reactome, Gene Ontology (GO), and KEGG annotations. Hub
genes were identified using the cytoHubba plugin with five
topological algorithms (Degree, MNC, MCC, Closeness, and
EPC), and key genes were determined through Venn diagram
analysis. Individual GSEA was subsequently performed for
each key gene. Finally, a competing endogenous RNA (ceRNA)
regulatory network was constructed based on the IncRNA-
miRNA-mRNA axis.

Results: A total of 7 key genes were identified: IL1B, CXCR4,
FCGR3B, SELL, CD19, CXCLS8, and CD38. Functional
enrichment analyses revealed significant involvement of
cytokine-cytokine receptor interaction, hematopoietic cell
lineage, collagen degradation, and chemokine signaling
pathways. GSEA of individual key genes further confirmed
the central roles of immune and inflammatory pathways
in periodontitis. The ceRNA network revealed regulatory
interactions among IncRNAs, miRNAs, and key genes,
particularly centered on IL1B, SELL, and FCGR3B.

Conclusion: This integrated bioinformatics  study
systematically identified key genes and regulatory networks
in periodontitis, offering promising candidates for future
therapeutic development.

Key words. Periodontitis, differentially expressed genes,
protein-protein interaction network.

Introduction.

Periodontitis is a chronic inflammatory disease of the
periodontium driven by dysbiotic microbial communities
and aberrant host immune responses, representing one of the
most prevalent oral diseases worldwide [1]. Epidemiological
studies have demonstrated that severe periodontitis affects
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approximately 10-15% of the global population, imposing
substantial burdens on public health and quality of life [2].
Beyond its local oral manifestations, including progressive
destruction of the alveolar bone, periodontal ligament, and
cementum, periodontitis has been increasingly recognized as
a systemic risk factor closely associated with cardiovascular
disease, diabetes mellitus, rheumatoid arthritis, and adverse
pregnancy outcomes [3,4]. Despite decades of research,
the precise molecular mechanisms underlying periodontitis
pathogenesis remain incompletely understood, and effective
targeted therapeutic strategies are still lacking, underscoring
the urgent need for a more comprehensive investigation of its
molecular basis.

The pathogenesis of periodontitis involves a complex interplay
between periodontal pathogens and host immune-inflammatory
responses [5]. Upon bacterial challenge, innate immune cells are
recruited to the periodontal tissues, triggering the release of pro-
inflammatory cytokines, chemokines, and proteolytic enzymes
that collectively drive tissue destruction [6]. Key mediators
such as interleukin-1B (IL-1B) and chemokine ligands have
been shown to play pivotal roles in orchestrating neutrophil
recruitment, macrophage activation, and osteoclast-mediated
bone resorption [7]. Meanwhile, adaptive immune responses,
particularly B cell and T cell activation, further amplify the
inflammatory cascade and perpetuate chronic tissue damage [8].
The excitation-inhibition imbalance between pro-inflammatory
and anti-inflammatory signals is considered a central mechanism
of periodontitis-associated pathology, yet the specific genetic
determinants and regulatory networks governing this imbalance
remain poorly characterized.

With the rapid advancement of high-throughput sequencing
technologies, large-scale gene expression datasets have been
increasingly deposited in public repositories such as the GEO
database, providing valuable resources for transcriptomic
investigation of complex diseases [9]. Integrated bioinformatics
approaches, combining differential expression analysis, PPI
network construction, functional enrichment analysis, and
GSEA, have emerged as powerful tools for systematically
dissecting the molecular landscape of multifactorial diseases
[10,11]. These approaches have been successfully applied
to uncover key pathogenic genes and mechanisms in various
complex disorders, including cancer, neurodegenerative
diseases, and metabolic syndromes. However, comprehensive
bioinformatics investigations specifically focused on identifying
key hub genes and their regulatory networks in periodontitis
remain limited.

The ceRNA hypothesis has provided a novel perspective
for understanding post-transcriptional gene regulation,

22



proposing that long non-coding RNAs (IncRNAs) can act
as molecular sponges for microRNAs (miRNAs), thereby
relieving miRNA-mediated repression of target mRNAs [12].
Emerging evidence suggests that dysregulation of the IncRNA—
miRNA-mRNA regulatory axis plays important roles in the
pathogenesis of various inflammatory diseases, including
periodontitis. Elucidating the ceRNA networks associated with
key periodontitis genes may therefore reveal novel regulatory
mechanisms and potential therapeutic targets [ 13]. Nevertheless,
a systematic characterization of the ceRNA regulatory landscape
in periodontitis, particularly centered on disease-specific hub
genes, has not yet been established.

In the present study, we performed an integrated bioinformatics
analysis of periodontitis-related GEO datasets to systematically
identify key genes and explore the underlying molecular
mechanisms of periodontitis. Differentially expressed genes
were identified and subjected to PPI network construction,
ClueGO functional enrichment analysis, and cytoHubba-based
hub gene screening using multiple topological algorithms. Seven
key genes, namely IL1B, CXCR4, FCGR3B, SELL, CD19,
CXCLS, and CD38, were ultimately identified through Venn
diagram analysis. GSEA was subsequently performed for each
key gene to characterize their associated biological pathways,
and a ceRNA regulatory network was constructed to elucidate
their post-transcriptional regulation. Collectively, this study
aims to provide novel insights into the pathogenic mechanisms
of periodontitis and to identify promising candidates for future
therapeutic development.

Materials and Methods.

Data Acquisition and Preprocessing:

Periodontitis-related gene expression datasets (GSE10334)
were retrieved from the GEO database. Datasets were selected
based on the following criteria: (1) samples derived from human
periodontal tissue; (2) containing both periodontitis and healthy
control groups; and (3) with sufficient sample size for statistical
analysis. Raw expression data were normalized using standard
preprocessing pipelines. Differentially expressed genes (DEGs)
were identified using the limma package in R, with thresholds set
at |logFC| > 1 and adjusted P < 0.05. The results were visualized
as a volcano plot using the ggplot2 package in R.

GSEA Analysis:

GSEA was performed using the GSEA software to identify
biological pathways significantly associated with periodontitis.
The ranked gene list was generated based on the signal-to-noise
ratio of the entire gene expression profile. KEGG gene sets from
the MSigDB were used as reference gene sets. Gene sets with a
normalized enrichment score (NES) > 1, nominal P < 0.05, and
FDR < 0.25 were considered significantly enriched. GSEA was
further performed individually for each identified key gene to
explore their respective biological functions.

PPI Network Construction and Functional Enrichment
Analysis:

All identified DEGs were imported into the STRING database
(https://string-db.org/) to construct a PPI network with a
minimum interaction confidence score of 0.4. The resulting
network was visualized using Cytoscape [14]. Functional
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enrichment analysis of the DEGs was subsequently performed
using the ClueGO plugin (v2.5.10) in Cytoscape, incorporating
Reactome reactions, Reactome pathways, Gene Ontology
(GO) terms, and KEGG pathways. GO terms were grouped by
functional relatedness, and the leading term of each group was
defined as the one with the smallest P-value.

Hub Gene and Key Gene Identification:

The cytoHubba plugin in Cytoscape was employed to rank
genes within the PPI network based on their topological
properties [15]. Five algorithms were applied: Degree, Maximal
Neighborhood Component (MNC), Density of Maximum
Neighborhood Component (DMNC), Closeness, and Edge
Percolated Component (EPC). The top 10 genes identified
by each algorithm were recorded. Genes consistently present
in the top 10 rankings across all five methods were identified
through Venn diagram analysis and designated as key genes for
subsequent analyses.

Construction of the ceRNA Regulatory Network:

To investigate the post-transcriptional regulatory mechanisms
of the identified key genes, a ceRNA network was constructed
based on the IncRNA-miRNA-mRNA regulatory axis. Putative
miRNAs targeting the key genes were predicted using miRNet
(https://www.mirnet.ca/) and miRTarBase databases. IncRNAs
that potentially sponge these miRNAs were subsequently
retrieved from the starBase (ENCORI) database. The final
ceRNA network, comprising IncRNA-miRNA-key gene
interaction pairs supported by at least two prediction tools,
was visualized using Cytoscape, with key genes, miRNAs, and
IncRNAs represented as distinct node types.

Results.

Identification of DEGs and GSEA Analysis:

Differential expression analysis of periodontitis-related GEO
datasets identified a total of DEGs, including upregulated and
downregulated genes based on thresholds of |logFC| > 1 and
adjusted P < 0.05, as visualized in the volcano plot (Figure
1A). The upregulated genes were notably more predominant,
suggesting an overall transcriptional activation in periodontitis
lesions. To further explore the biological significance of these
expression alterations, GSEA was performed, which revealed
several significantly enriched gene sets in periodontitis samples
(Figure 1B-D), with enrichment scores peaking at the positively
correlated end of the ranked gene list, indicating that these
pathways were consistently activated in periodontitis tissue
compared to healthy controls.

PPI Network Construction and Functional Enrichment
Analysis:

To investigate the interactions among DEGs and the underlying
biological mechanisms of periodontitis, a PPI network was
constructed using the STRING database and visualized in
Cytoscape, revealing a complex interaction network among
the identified DEGs (Figure 2A). Subsequently, ClueGO
enrichment analysis was performed to further characterize the
functional landscape of these genes. Reactome reactions analysis
highlighted key processes including gelatin degradation by
MMPs and exocytosis of secretory granule membrane proteins
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Figure 1. Identification of DEGs and GSEA in periodontitis.

(4) Volcano plot displaying DEGs between periodontitis and healthy control samples from GEO datasets. Red dots represent significantly
upregulated genes, blue dots represent significantly downregulated genes, and gray dots represent genes with no significant difference. (B—D)
GSEA enrichment plots showing representative significantly enriched gene sets in periodontitis samples, with the red curve indicating the running

enrichment score and the ranked gene list displayed at the bottom.
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Figure 2. PPI network construction and functional enrichment analysis of DEGs in periodontitis.

(A) PPI network of differentially expressed genes constructed using STRING database and visualized in Cytoscape, with nodes representing
proteins and edges representing interaction relationships. (B—E) ClueGO enrichment analysis results presented as functional interaction networks,
including Reactome reactions (B), Reactome pathways (C), Gene Ontology (GO) terms (D), and KEGG pathways (E). Node size represents the
significance of enrichment, and nodes sharing the same color belong to functionally related term groups, with the leading term of each group

labeled in bold.
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Figure 3. Identification of hub genes and key genes in the PPI network via cytoHubba plugin.

(A-E) Top 10 hub genes ranked by five different topological algorithms in cytoHubba, including Degree (4), MNC (B), DMNC (C), Closeness (D),
and EPC (E). Node color from yellow to red indicates increasing rank score. (F) Venn diagram showing the overlap of top 10 hub genes identified
by the five algorithms, with 7 genes shared across all methods defined as key genes.

(Figure 2B), while Reactome pathways analysis identified
collagen degradation, chemokine receptors binding chemokines,
and interleukin-10 signalling as prominent pathways (Figure
2C). GO analysis revealed significant enrichment in terms
related to neutrophil migration, type Ila hypersensitivity, and
immune receptor activity (Figure 2D), and KEGG pathway
analysis further implicated cytokine-cytokine receptor
interaction, pertussis, leukocyte transendothelial migration,
and B cell receptor signalling pathway in the pathogenesis of
periodontitis (Figure 2E).

Identification of Hub Genes and Key Genes via cytoHubba:

To identify the most critical genes within the PPI network,
the cytoHubba plugin in Cytoscape was employed using five
topological algorithms, namely Closeness, Degree, EPC, MCC,
and MNC, each yielding a distinct set of top 10 hub genes
(Figure 3A—E). Venn diagram analysis of the results from all
five methods revealed 7 genes consistently present in the top
10 rankings across all algorithms (Figure 3F), which were
therefore designated as key genes: IL1B, CXCR4, FCGR3B,
SELL, CD19, CXCL8, and CD38.

GSEA of Key Genes:

To further elucidate the biological functions of the seven
identified key genes, individual GSEA was performed for each
gene based on KEGG pathway gene sets. The results revealed
that several pathways were recurrently enriched across multiple
key genes, most notably cytokine-cytokine receptor interaction
and leishmaniasis infection, which appeared consistently
enriched in IL1B, FCGR3B, CXCR4, CXCLS8, SELL, and
PECAMI1, underscoring the central role of immune and
inflammatory signalling in periodontitis pathogenesis (Figure
4). In addition, hematopoietic cell lineage was significantly
enriched in IL1B, FCGR3B, CXCLS, and SELL, while
cell cycle-related pathways were prominently enriched in
PECAMI, IL1B, FCGR3B, and CD19. Notably, CD19 also
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showed specific enrichment in autoimmune thyroid disease and
intestinal immune network for IgA production pathways, and
CXCR4 was associated with intestinal immune network for
IgA production, collectively suggesting that these key genes
participate in diverse yet interconnected immune regulatory
mechanisms underlying periodontitis.

Construction of the ceRNA Network:

To explore the potential post-transcriptional regulatory
mechanisms of the identified key genes in periodontitis, a
ceRNA network was constructed based on the IncRNA-
miRNA-mRNA regulatory axis (Figure 5). The network
centered on three key genes, IL1B, SELL, and FCGR3B, which
were found to be potentially regulated by multiple miRNAs,
including hsa-miR-143-3p, hsa-miR-92a-2-5p, hsa-miR-92a-1-
5p, hsa-miR-515-5p, hsa-miR-423-5p, hsa-miR-326, hsa-miR-
149-5p, and hsa-miR-888-5p, with these miRNAs in turn being
sponged by a broad panel of IncRNAs (purple nodes) including
MIR143HG, SNHG14, LINCO01043, LINC01002, SRRM2-
AS1, and others, suggesting that these non-coding RNAs
may play important roles in modulating the expression of key
periodontitis-associated genes through competitive endogenous
RNA mechanisms.

Discussion.

In the present study, we conducted a comprehensive integrated
bioinformatics analysis of periodontitis-related transcriptomic
datasets to systematically identify key pathogenic genes and
explore the underlying molecular mechanisms of periodontitis.
Through differential expression analysis, PPI network
construction, multi-algorithm hub gene screening, GSEA, and
ceRNA network construction, seven key genes were ultimately
identified: IL1B, CXCR4, FCGR3B, SELL, CD19, CXCLS, and
CD38. Functional enrichment analyses consistently highlighted
immune and inflammatory pathways, including cytokine-
cytokine receptor interaction, hematopoietic cell lineage, and
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Figure 4. Gene set enrichment analysis (GSEA) of key genes in periodontitis.

GSEA enrichment plots for seven key genes, including PECAM1, IL1B, FCGR3B, CXCR4, CXCLS8, CD19, and SELL. Each panel displays the top
enriched KEGG pathways for the respective key gene, with the running enrichment score curve shown above and the ranked gene list displayed at
the bottom. Different colors represent distinct enriched gene sets.
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Figure 5. Construction of the ceRNA network for key genes in periodontitis.
The ceRNA network was visualized in Cytoscape, comprising key genes (orange nodes), miRNAs (teal nodes), and IncRNAs (purple nodes). Edges
represent predicted regulatory interactions between IncRNAs, miRNAs, and key genes, following the IncRNA-miRNA-mRNA axis.

leishmaniasis infection, as central mechanisms in periodontitis
pathogenesis. These findings provide a systematic molecular
portrait of periodontitis and offer novel candidate targets for
future therapeutic development.

Among the identified key genes, IL1B emerged as the most
topologically significant node in the PPI network, exhibiting the
highest connectivity across multiple ranking algorithms. IL-1f3,
encodedbyIL1B,isaprototypical pro-inflammatory cytokine that
plays a central role in initiating and amplifying the inflammatory
cascade in periodontal tissues. Upon stimulation by periodontal
pathogens, IL-1 is abundantly secreted by macrophages and
other immune cells, promoting osteoclastogenesis, matrix
metalloproteinase production, and subsequent alveolar bone
destruction. Recent studies have confirmed elevated IL-1f
levels in the gingival crevicular fluid and periodontal tissues
of periodontitis patients, and IL-1B-mediated signalling has
been shown to directly activate downstream NF-«B pathways,
perpetuating chronic inflammation [16]. CXCLS8, another key
gene identified in our study, encodes interleukin-8, a potent
neutrophil chemoattractant that drives the massive neutrophil
infiltration characteristic of periodontitis lesions. Together with
CXCR4, a chemokine receptor critical for leukocyte homing
and retention, these genes underscore the central importance of
chemokine-mediated immune cell trafficking in periodontitis
pathogenesis [17].

FCGR3B and SELL were also identified as key hub genes
in the present study. FCGR3B encodes FcyRIIllb, a low-
affinity receptor for the Fc region of immunoglobulin G that is
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predominantly expressed on neutrophils and plays an important
role in neutrophil activation, degranulation, and antibody-
dependent cellular cytotoxicity. Dysregulation of FCGR3B
expression has been implicated in excessive neutrophil-mediated
tissue damage in periodontitis, contributing to the destruction
of periodontal supporting structures. SELL encodes L-selectin
(CD62L), an adhesion molecule essential for lymphocyte
and neutrophil trafficking from the bloodstream to sites of
inflammation. Upregulation of SELL in periodontitis tissues
reflects the enhanced leukocyte extravasation that characterizes
active periodontal inflammation, consistent with the significant
enrichment of leukocyte transendothelial migration pathways
observed in our KEGG analysis [18]. Additionally, CD19
and CD38, both markers of B cell activation and plasma cell
differentiation, were identified as key genes, highlighting the
underappreciated yet important role of humoral immunity and
B cell-mediated responses in periodontitis, which has gained
increasing attention in recent research [19].

The functional enrichment analyses performed in this study
provided further mechanistic insights into the pathogenesis of
periodontitis. ClueGO analysis revealed significant enrichment
in collagen degradation and gelatin degradation by MMPs,
reflecting the well-established role of matrix metalloproteinases
inthe destruction of periodontal extracellular matrix components.
The prominent enrichment of chemokine receptor binding and
interleukin-10 signalling pathways further corroborates the
dual role of inflammatory and anti-inflammatory mediators in
periodontal tissue homeostasis. Notably, GSEA of individual



key genes consistently revealed enrichment in cytokine-
cytokine receptor interaction and hematopoietic cell lineage
pathways across nearly all key genes, suggesting that these
pathways represent core regulatory axes in periodontitis rather
than gene-specific associations. The recurrent enrichment of the
leishmaniasis infection pathway, while seemingly paradoxical,
likely reflects shared innate immune activation mechanisms
involving Toll-like receptor signalling, macrophage activation,
and reactive oxygen species production that are common to
multiple infectious and inflammatory conditions [20].

The ceRNA regulatory network constructed in this study
revealed a complex post-transcriptional regulatory landscape
centered on three key genes, IL1B, SELL, and FCGR3B,
mediated by multiple miRNAs and IncRNAs. Among the
identified miRNAs, hsa-miR-143-3p has been previously
reported to modulate inflammatory responses by targeting key
signalling molecules, while hsa-miR-92a family members have
been implicated in angiogenesis and immune cell function.
The IncRNAs identified in the network, including MIR143HG,
SNHG14, and LINCO01043, may serve as competing
endogenous RNAs that sequester these miRNAs, thereby
relieving their repression on IL1B, SELL, and FCGR3B and
maintaining their elevated expression in periodontitis tissues.
This ceRNA regulatory mechanism represents a novel layer of
gene expression control in periodontitis that has been largely
unexplored, and recent studies in other inflammatory diseases
have demonstrated that IncRNA-mediated ceRNA networks
can significantly influence disease progression and serve as
promising therapeutic targets [21,22].

To better understand the clinical relevance of the identified key
genes in periodontitis, future studies should incorporate detailed
clinical metadata, including disease severity and associated
clinical parameters. Correlation analyses, such as Spearman’s
rank correlation, will be necessary to assess the relationships
between the expression of these key genes and clinical
outcomes, further validating their potential as biomarkers
for disease progression and severity. Although the integrated
bioinformatics approach identified robust candidate key genes,
experimental validation through in vitro techniques such as RT-
gPCR and Western blotting, as well as correlation analysis in an
independent cohort, are essential for confirming the functional
roles of these genes in periodontitis pathogenesis.
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