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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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JAG2 AS A KEY MEDIATOR IN PORPHYROMONAS GINGIVALIS-INDUCED 
PERIODONTAL INFLAMMATION
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1Anhui Province Engineering Research Center for Dental Materials and Application, School of stomatology, Wannan Medical College, Wuhu 241002, China.

Abstract.
Porphyromonas gingivalis (P. gingivalis) is a key pathogen 

in chronic periodontitis, but its exact pathogenic mechanisms 
remain unclear. 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 

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 lmFit() 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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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 

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 PPI network 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.

Figure 1. Volcano plot of differentially expressed genes.

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

Figure 4. Figure 4: Hub gene analysis. (A) 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.

Figure 3. Protein-Protein Interaction (PPI) network and MCODE 
cluster analysis of differentially expressed genes. (A) PPI network 
showing interactions among 21 differentially expressed genes. (B) 
MCODE cluster analysis results.
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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 	 N o t c h 
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-κB 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-κB and pro-inflammatory 
cytokines (e.g., IL-6, TNF-α) [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 JAG2 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 
JAG2 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 

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-α and IL-1β) to 
amplify the inflammatory cascade [11]. Based on these findings, 

Rank Name Score
1 IL6 15
2 IL1B 13
3 EDN1 12
4 ANGPTL4 6
4 CXCL1 6
6 JAG2 5
7 GPC3 3
8 WNT9A 2
9 WNT7B 2
10 PIK3C2A 2

Table 1. The CytoHubba analysis in Cytoscape has identified the top 
10 hub genes in our protein-protein interaction network.
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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-α production or defective bacterial clearance, to 
holistically address periodontal inflammation and tissue destruction.
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