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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.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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Abstract.

Aim: Periodontitis and diabetes mellitus (DM) exhibit a
bidirectional relationship, with oxidative stress potentially
serving as a crucial pathological bridge. However, the underlying
molecular mechanisms remain unclear.

Methods: We identified differentially expressed genes
(DEGs) related to oxidative stress in periodontitis and diabetes.
Consensus clustering was performed to identify disease
subtypes. Machine learning algorithms, including Support
Vector Machine, LASSO regression, and Random Forest, were
employed to identify key regulatory genes. Molecular docking
was conducted to explore the potential interaction between
metformin and target proteins.

Results: We identified 17 overlapping genes associated
with oxidative stress, diabetes, and periodontitis. Two distinct
molecular subtypes were identified with significant differences
in immune cell infiltration patterns. Four key genes (FOS,
MMP14, CD38, and PXDN) were identified as potential
therapeutic targets. The nomogram based on these four genes
showed excellent diagnostic performance (AUC = 0.931).
Molecular docking analysis revealed strong binding affinities
between metformin and two targets (MMP14: -5.6 kcal/mol;
PXDN: -5.2 kcal/mol).

Conclusions: Our study provides novel insights into the
molecular mechanisms linking periodontitis and diabetes
through oxidative stress, identifying potential therapeutic
targets and suggesting a possible mechanism for metformin's
therapeutic effects in diabetic periodontitis.

Key words. Periodontitis, diabetes, oxidative stress, machine
learning.

Introduction.

Periodontitis is a multifactorial chronic inflammatory disease,
characterized by the destruction of the attachment of bones
and connective tissues around the teeth (including periodontal
destruction and alveolar bone resorption), which can lead to
tooth loss in severe cases [1]. The imbalance in the microbiota
of periodontal tissues during its development, also known
as ecological imbalance, leads to an imbalance between the
activities of osteoblasts and osteoclasts [2,3]. Periodontitis,
the sixth most common disease in humans, poses a major
threat to human health and affects more than 750 million
people worldwide [4]. Periodontitis has been found to have
strong associations with various systemic conditions, including
metabolic disorders like diabetes, autoimmune diseases, and
even cancer. Diabetes mellitus, a prevalent chronic condition, is
marked by ongoing inflammation and disruptions in metabolic
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processes [5]. Studies have shown that the immune system in
individuals with diabetes is hyperresponsive, and the activation
of innate immune cells, such as macrophages, plays a crucial
role in insulin resistance and contributes to the pathogenesis of
diabetes and the progression of its complications [6].

Both periodontitis and diabetes place a heavy burden on global
public health and finances, and a large body of evidence confirms
the bidirectional relationship between periodontitis and diabetes
[7]. Periodontitis is the sixth most common complication of
DM and a risk factor for DM. Previous epidemiologic studies
have reported an approximately threefold increased risk of
periodontitis in diabetic patients compared to non-diabetic
patients. This study showed that it was associated with an
increased prevalence and severity of periodontitis depending on
the status of diabetes [8]. It has been shown that periodontitis
induces insulin receptor desensitization and exacerbates DM
through excessive inflammatory response. In addition, DM is
a major risk factor for periodontitis and can exacerbate disease
progression [9]. Mechanistically, DM causes oxidative stress
and alveolar bone resorption due to the accumulation of AGEs
and inflammatory cytokines [10]. Excessive reactive oxygen
species (ROS) can significantly increase the expression levels
of pro-inflammatory factors, leading to periodontal tissue
destruction. This affects the development and progression of
periodontitis [11]. Since oxidative stress plays an important
role in maintaining and establishing the immune-inflammatory
response, they may be the “bridge” between periodontitis
and DM. Increased oxidative stress has been implicated in
the pathogenesis of insulin resistance, through inhibition of
insulin signaling and dysregulation of adipokines. On the other
hand, a number of studies have shown that drugs that restore
oxidative stress function may be beneficial in the treatment of
periodontitis and DM [12]. For example, metformin, a drug
widely recognized for its ability to decrease hepatic glucose
production and improve insulin sensitivity, may also reduce
periodontal damage by promoting fatty acid oxidation and
alleviating oxidative stress [13]. Therefore, it is plausible to
propose that oxidative stress serves as a key pathological link
between diabetes and periodontitis, making it a potential target
for therapeutic strategies. There is also a need to delve into the
role of oxidative stress in the pathogenesis of periodontitis in
DM.

With the advancement of modern sequencing technologies,
bioinformatics analysis allows for the exploration of disease
relationships and pathogenic mechanisms, enabling more
convincing conclusions to be drawn [14].While current
research has highlighted the potential role of oxidative stress
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in the pathological features of periodontitis and diabetes
respectively [15], there remains a need to further investigate
the complex relationship between oxidative stress-related
genes and these comorbidities. Therefore, this study used
an integrated analytical approach to explore key genes and
signaling pathways in periodontitis and diabetes. The goal was
to provide new insights into the molecular mechanisms linking
oxidative stress with diabetic periodontitis. Additionally, we
aimed to identify potential therapeutic targets for personalized
treatment. Through the application of multiple machine learning
algorithms and molecular docking analysis, we sought to
elucidate the molecular basis of this relationship and evaluate
potential therapeutic interventions.

Materials and Methods.

Data Acquisition and Preprocessing:

The periodontitis microarray datasets were retrieved from the
Gene Expression Omnibus (GEO) database. The GSE10334
dataset included 183 periodontitis samples and 64 normal
samples, while GSE16134 contained 69 normal and 241
periodontitis samples. Differentially expressed genes (DEGs)
were identified using the R package “limma,” with criteria of
p-values < 0.05 and [log2(FC)| > 0.585. Crossover genes were
screened by overlapping periodontitis differentially expressed
genes, oxidative stress-responsive gene sets (downloaded from
Gene Set Enrichment Analysis (GSEA)), and diabetes-related
gene sets (downloaded from DisGeNET).

Gene ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis:

GO annotation analysis (biological processes, molecular
functions, and cellular components) and KEGG pathway
enrichment analysis of DEGs and crosstalk genes were
performed using R's “ClusterProfiler” software package for
the selected human species, and the results are presented. GO
catalogs and KEGG catalogs were selected based on p-value
from smallest to largest. Bar and bubble plots were used to
visualize the results.

Protein-Protein Interaction (PPI) Network Analysis:

To build a reliable PPI network, we utilized the well-respected
STRING database, a well-established resource for protein
interactions. We incorporated DEGs into the STRING database
to predict direct and indirect functional interactions, setting the
confidence level threshold at 0.4, ensuring that the network
contained highly plausible and significant interactions.

Unsupervised Cluster Analysis:

Unsupervised cluster analysis was conducted with the R
package “ConsensusClusterPlus” to identify different subtypes.
The consensus clustering algorithm was run 1000 times to
confirm cluster robustness. Gene expression and immune
property differences among subtypes were compared using the
Kruskal test. Principal component analysis was performed using
the R package “PCA”.

ROC Curve Analysis:

To assess the sensitivity and specificity of genes for diagnosis,
ROC curves were created from the pROC package in R. The
ROC curves were then calculated with 95% confidence intervals.
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A high discriminatory power in clinical diagnosis was defined
when the AUC was >0.7, while a high discriminatory power in
clinical diagnosis was defined when the AUC was >0.9.

Construction and Validation of the Nomogram:

The nomogram was constructed using the characteristic genes
and their corresponding expression levels in the normal and
periodontitis groups. The nomogram can serve as an important
tool for the clinical diagnosis of periodontitis. Additionally, a
diagnosis model for periodontitis based on diagnostic markers
was built using the "rms" R software. The values of candidate
genes were quantified as "points", and the total score was
determined by summation. Subsequently, a cumulative scoring
system was applied to calculate the probability of the occurrence
of periodontal disease. The diagnostic efficacy of the nomogram
in identifying periodontitis was evaluated by the receiver
operating characteristic curve and its corresponding area under
the curve. Moreover, the clinical applicability of the nomogram
was evaluated through decision curve analysis (DCA).

Correlation Analysis of Immune Characteristics:

Single sample gene set enrichment analysis (ssGSEA) was used
to estimate the abundance of specific infiltrating immune cells
and the activity of related immune responses. An enrichment
score was calculated to reflect the extent of gene set enrichment
in each sample. Gene sets for infiltrating immune cells were
sourced from prior studies, while immune response gene sets
were obtained from the Immport database.

Identification of Characteristic Genes by Machine Learning
Algorithms:

To identify potential candidate genes for the diagnosis of
periodontitis, three machine learning prediction models were
employed in this study: the Random Forest (RF) model, the
Support Vector Machine (SVM) model, and the Least Absolute
Shrinkage and Selection Operator (LASSO) regression model.
The SVM model was constructed using the “e1071” package
in R language. Subsequently, the “randomForest” package in
R language was used to perform a classification analysis on
the important genes obtained through screening. The LASSO
regression analysis was carried out using the “glmnet” package
in R language. Meanwhile, we plotted the relationship curve
between the LASSO regression coefficients and log(A). Finally,
a classification model of periodontitis - related regulatory
factors based on multiple logistic regression was constructed.

Molecular docking:

Molecular docking was performed using the CB - Dock?2 online
platform [18]. All settings were kept at the default options. The
molecular structures of the compounds were obtained from the
PubChem database, while the protein structures of MMP14 and
CD38 were obtained from the RCSB Protein Data Bank. The
protein structures of HXDN and FOS were derived from the
AlphaFold Protein Structure Database.

Statistical Analysis:

The data are presented as the mean + standard deviation (Mean
+ SD). The Student's t - test was used for statistical comparisons
between two groups. A significance threshold of p < 0.05 was
applied to determine statistical significance. Statistical analyses
were performed using GraphPad Prism.



Results.

Screening of Differentially Expressed Genes:

After performing batch correction, the confounding batch
effects between the GSE10334 and GSE16134 datasets
were significantly minimized. Through data mining and
processing, 683 crosstalk DEGs were identified. The top 50
most significantly down-regulated and up-regulated genes were
visualized using a heatmap (Figure 1A). The Venn diagram
showed that 17 overlapping targets in these three datasets were
potential targets related to the differentially expressed genes of
diabetes, oxidative stress, and periodontitis (Figure 1B).

Enrichment analysis:

To investigate the biological functional pathways that might
be affected, we further investigated the potential functions
of these 17 intersecting targets by GO and KEGG analysis.
The results of GO significant enrichment are demonstrated in
Figure 2A and 2B, in which the biological processes related
to response to oxidative stress, endoplasmic reticulum lumen
and antioxidant activity binding were significantly enriched.
KEGG pathway analysis further revealed that these intersecting
targets were mainly enriched in the TNF signaling pathway and
IL-17 signaling pathway (Figure 2C). This finding highlights
a complex network of interactions between multiple signaling
pathways and molecular events during the development of
diabetic periodontitis. In order to more comprehensively
illustrate the specific components of the enrichment pathways,
we show the genes involved in each pathway and the molecular
processes they participate in detail in Figure 2D. Among them,
Figure 2E particularly presents the specific involvement of
each molecule in the TNF signaling pathway and its interaction
pattern.
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Identification of disease subtypes:

Based on the expression profiles of 17 DEGs, we used
an unsupervised clustering method for disease pattern
identification. Through the analysis, k=2 was determined as the
optimal number of clusters, and the samples were successfully
classified into two unique subtypes (Figure 3A-C). The results
of principal component analysis (PCA) showed significant
differences between these two modification patterns (Figure
3D), further validating the heterogeneity of disease modification
patterns.

Immunological characterization:

In order to deeply explore the immunological characteristics
of the two subtypes, we performed a comparative analysis of
their infiltrating immune cell abundance and immune response
activity. The results showed that the infiltration level of a
variety of immune cells was significantly higher in subtype B,
including activated B cells, activated CD4+ T cells, activated
CD8+ T cells, activated dendritic cells, yd T cells, immature
B cells, myeloid-derived suppressor cells (MDSCs), mast cells,
natural killer T cells, natural killer cells, plasma cells, dendritic
cells, regulatory T cells, T follicular helper cells, type 1 T
helper cells and type 2 T helper cells (Figure 4A). Correlation
analysis further revealed the existence of differential association
patterns between the 17 regulatory factors and specific immune
cell types; a result visualized in the heatmap (Figure 4B). In
terms of immune response characteristics, subtype B exhibited
significant activation of multiple immune pathways, including
antigen-presenting cell (APC) costimulation, chemokine
receptor (CCR) signaling pathway, immune checkpoints,
cytolytic activity, human leukocyte antigens (HLAs), pro-
inflammatory responses, expression of MHC class I molecules,

Diabetes

DEGs

Figure 1. Analysis of variances. (A) Heatmap representation of gene expression levels across various conditions, with the color scale indicating
the level of expression. (B) Venn diagram illustrating the intersection of genes associated with diabetes, oxidative stress and differentially expressed

genes.
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Figure 2. Enrichment analysis. (4) Dot plot of GO enrichment analysis showing biological processes associated with DEGs. (B) Network diagram
illustrating interactions between DEGs and biological processes. (C) Bar chart of top KEGG pathways enriched by DEGs. (D) Network diagram
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T-cell costimulation, T-cell costimulation, and type II interferon
(IFN) responses (Figure 4C). Further correlation analyses
(Figure 4D) demonstrated the pattern of association between
these regulatory factors and immune characteristics. Together,
these results suggest that different subtype patterns have a
unique spectrum of immunologic features.

Machine learning analysis:

To deeply reveal the molecular mechanisms of genes in the
regulation of oxidative stress, we integrated and applied three
machine learning methods (SVM, LASSO regression, and RF)
for the identification of key target genes. 15 potential candidate
target genes were successfully screened out by the SVM
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analysis (Figure 5A-B). 16 potential key targets were identified
by the LASSO regression analysis (Figure 5C-D). Meanwhile,
RF analysis rank-ordered all genes based on gene importance
index (Figure 5E).

To identify the most reliable targets, we used Venn diagrams
to analyze the intersection of three sets of data: candidate genes
identified by SVM, genes ranked in the top 8 (the juncture at
which the decline in significance becomes pronounced) by
RF importance, and targets screened by LASSO (Figure 5F).
Through this multi-algorithmic integrated analysis strategy, we
finally identified seven key targets involved in the regulation of
oxidative stress in diabetic periodontitis.
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Figure 4. Immunological characterization analysis. (A) Differences in abundance of 23 infiltrating immune cells. (B) Correlation between
infiltrating immune cells and 17 DEGs. (C) Difference in activity of 13 immune responses in the two subtypes. (D) Correlation between immune

responses and 17 DEGs.

Screening key genes:

Based on the seven genes obtained from machine learning
screening, we first constructed and visualized a PPI network
using the STRING database (Figure 6A), which identified
five genes with PPI interactions. Subsequently, we applied
multivariate logistic regression analysis to construct classifiers
for distinguishing healthy samples from disease samples
(Figure 6B). In this multivariate analysis, among the five
candidate genes, four genes (FOS, MMP14, CD38, and PXDN)
met all selection requirements and were included in the final
predictive model, while the APOE gene was excluded due to
non-significant p-values (p > 0.05) in the multivariate analysis.
To validate the differential expression of these four key genes
between the disease group and the normal control group, we
performed independent validation using the GEO dataset.
The results showed that FOS, MMP14, CD38, and PXDN
showed significant upregulation in the patient samples (p <
0.05; Figure 6C). Figure 6D demonstrates the distribution of
the specific locations of these four key genes in the genome
(FOS: chromosome 14, MMP14: chromosome 14, CD38:
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chromosome 4, PXDN: chromosome 2). Analysis of the ROC
showed that these four genes were diagnostically sound in
distinguishing between healthy and diseased states, highlighting
their important role in the development of periodontal disease
(Figure 6E).

Construction and Validation of the Prediction Nomogram:

To predict the risk of periodontitis in patients, we constructed
a prediction nomogram based on the core target genes (FOS,
MMP14, CD38, and PXDN) (Figure 7A). ROC curve analysis
showed that the AUC of this nomogram was 0.931, indicating
its excellent prediction accuracy (Figure 7B). The slope of the
calibration curve was close to 1, confirming that the nomogram
had significant predictive efficacy (Figure 7C). In addition, the
results of DCA showed that the nomogram had substantial net
benefits in clinical applications (Figure 7D).

Molecular docking of Metformin with core target proteins:

We obtained the standard structure of metformin from
the PubChem database (Figure 8A), and its molecular
characterization parameters were detailed in Table 1. The
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A

Figure 8. Molecular docking results (4) Structure of Metformin. The Image sourced from the PubChem website. (B) Molecular structure of the
MMP14-Metformin complex showing the binding site with key interacting residues. (C) Alternative conformation of the PXDN-Metformin complex
highlighting the same residues and interactions.
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Supplementary Figure 1. Molecular docking results (A) Molecular structure of the FOS-Metformin complex showing the binding site with key
interacting residues. (B) Alternative conformation of the CD38-Metformin complex highlighting the same residues and interactions.

Table 1. Detailed information about Metformin (CID:4091) molecule (https://pubchem.ncbi.nlm.nih.gov/compound/4091).

Property Name Property Value
Molecular Weight 129.16 g/mol
Molecular Formula C4H11NS5

SMILES CN(C)C(=N)N=C(N)N

potential interactions between Metformin and the core target
genes (FOS, MMP14, CD38, and PXDN) were molecularly
docked and analyzed using CB-DOCK2 software (Figure 8B-
C, Supplementary Figure 1). Notably, the binding energies of
Metformin with MMP14 and PXDN were low (MMP14-Met:
-5.6 kcal/mol; PXDN-Met: -5.2 kcal/mol). The docking results
showed that Metformin exhibited strong binding affinity with
both MMP14 and PXDN, and the binding energies were lower
than -5.0 kcal/mol [16], which revealed the stable interactions
between the compounds and the targets.

Discussion.

Periodontitis and diabetes are widespread conditions that
involve multiple genes and signaling pathways. Clinically,
both periodontitis and T2DM act as risk factors for each other,
demonstrating a bidirectional relationship [17,18]. However,
the molecular mechanisms linking these two diseases have not
been fully elucidated. Oxidative stress, a common pathological
feature of both diseases, may play a key role in their interaction
[19]. However, the underlying mechanisms leading to this
connection are not fully understood. In this study, 17 differential
genes associated with periodontitis, diabetes and oxidative
stress were systematically identified by integrating multiple
datasets. Enrichment analysis showed that these genes were
mainly enriched in the TNF and IL-17 signaling pathways, and
four core genes (FOS, MMP14, CD38, and PXDN) were further
screened by multiple analytical methods, among which MMP14
and PXDN showed strong binding affinity to metformin,
suggesting that metformin may influence the disease process
by regulating the expression of these genes. These findings
not only deepen our understanding of the pathogenesis of
diabetic periodontitis, but also provide new molecular targets
for exploring the therapeutic mechanism of metformin in this
disease.

In this study, we integrated gene expression profiling datasets
for four specific groups (GSE30528 and GSE96804) and
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analyzed these datasets using R. A total of 683 DEGs were
identified using the limma package, including 448 up-regulated
and 235 down-regulated genes. By overlapping the periodontitis
differentially expressed genes, oxidative stress-responsive
gene set, and diabetes-associated gene set, 17 differentially
expressed genes were obtained that were associated with
periodontitis, diabetes, and oxidative stress all. KEGG
enrichment analyses pointed to the IL-17 signaling pathway
and the TNF signaling pathway. During the development
of periodontitis, neutrophil extracellular trapping networks
(NETs) can trigger the upregulation of IL-17/Th17 responses
and bone destruction [20]. TNF is a pro-inflammatory cytokine
that plays a crucial role in various inflammatory pathways,
including the recruitment, activation, and survival of immune
cells [21]. Increased expression of the TNF signaling pathway
during the development of periodontitis has also been widely
reported. In addition, diabetes also enhances the expression of
proteins associated with the TNF-a pathway (TNF-a, NF-«kB).
Therefore, we hypothesized that diabetes and periodontitis may
have a cross-over development by affecting the IL-17 signaling
pathway and the TNF signaling pathway.

Molecular subtyping is a strategy that has been widely applied
in malignancies. Tailored treatment plans can be developed
based on different molecular types, thereby improving patients'
prognoses [22]. Based on the expression profiles of these
17 DEGs, we identified two distinct molecular subtypes of
periodontitis, which may provide a novel classification strategy
for the disease. Our immunological analysis revealed significant
differences in immune cell infiltration between these subtypes,
with subtype B showing notably higher levels of various
immune cells, including activated B cells, CD4+ T cells, CD8+
T cells, dendritic cells, and other immune cell populations. This
finding aligns with previous research suggesting that immune
cell alterations play a crucial role in the relationship between
T2DM and periodontitis. The elevated expression of multiple
immune cell types in subtype B, particularly the increased



presence of dendritic cells and T helper cells, indicates a more
pronounced inflammatory state that may contribute to disease
progression. This molecular subtyping approach, similar to
strategies widely used in cancer research, could potentially
guide the development of personalized therapeutic interventions
for different patient groups with diabetic periodontitis.

An important finding of this study is the successful screening
of four core targets (FOS, MMP14, CD38, and PXDN)
by integrating machine learning methods, protein-protein
interaction analysis, and logistic regression methods. Among
them, FOS, as a transcriptional activator of the AP-1 complex,
plays a key role in regulating multiple signaling pathways and
gene expression related to cell proliferation and apoptosis [23].
In addition, FOS genes have been associated with inflammatory
responses [24]. Studies have shown that activation of AP-1
(c-Fos/c-Jun) transcription promotes osteoclastogenesis,
which in turn leads to alveolar bone loss [25,26]. Matrix
metalloproteinase 14 (MMP14) is amembrane type I collagenase
that plays a crucial role in the postnatal development of
mesenchymal tissues [27]. Previous studies have demonstrated
its developmental function during adipogenesis [28]. However,
there is still a relative paucity of studies on the role of MMP14
in periodontal disease.CD38 is widely expressed in a variety
of tissues and is an important molecule in the regulation of
NAD+ metabolism, extracellular nucleotides and intracellular
calcium homeostasis [29]. In infection-induced inflammation,
CD38 is induced to be expressed upon cellular activation and
is involved in regulating processes such as cell recruitment and
adaptive immune response.CD38 plays a key role in the immune
response of macrophages, neutrophils and T cells. It has been
found that during certain chronic inflammatory processes such
as aging, the expression level of CD38 is elevated, accompanied
by a decrease in NAD levels [30]. Notably, there is a correlation
between decreased CD38 expression in neutrophils and altered
neutrophil function in patients with limited invasive periodontitis
[31]. Peroxidase (PXDN) encodes a heme-containing enzyme
secreted into the extracellular matrix, where it contributes to
matrix formation [32]. As a cell surface peroxidase associated
with the extracellular matrix, in cancer cells, the interaction
of PXDN with HO-1 promotes tumor invasion by decreasing
the expression of the extracellular matrix proteins fibronectin
and laminin [33]. Findings suggest that PXDN has a role in
promoting tumor development in oral squamous cell carcinoma
(OSCC) [34]. However, studies on the role of PXDN in
periodontitis and diabetic periodontitis are still pending.

Metformin, as a first-line therapeutic agent for type 2 diabetes
recommended by national guidelines, not only has significant
glucose-lowering effects, but may also have other potential
health benefits [35]. Current studies have shown that metformin
acts mainly by inhibiting the mitochondrial respiratory complex
and can improve cellular autophagy and oxidative stress status
by activating the AMPK signaling pathway [36]. However,
its exact target of action and detailed molecular mechanisms
have still not been fully elucidated. In the present study, the
results of molecular docking analysis revealed that metformin
has a significant binding affinity for MMP4 and PXDN, with
binding energies all below -5.0 kcal/mol. This finding is of great
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significance, suggesting that metformin is able to spontaneously
bind to these two key protein targets, which may be one of the
important molecular mechanisms by which it regulates the
development of diabetes-related periodontal diseases. This
result not only provides a new perspective for understanding
the mechanism of action of metformin in diabetic periodontal
disease, but also provides a theoretical basis for further
development of targeted therapeutic strategies.

Overall, this study systematically investigated the role of
oxidative stress in the pathogenesis of diabetic periodontitis
with several remarkable features and innovative findings.
First, by integrating multiple datasets and applying various
bioinformatics analysis methods, we successfully identified
four core genes (FOS, MMPI14, CD38, and PXDN) and
verified their reliability in the disease process. Secondly, the
predictive column line graphs constructed based on these four
key genes demonstrated good predictive efficacy and provided a
potential practical tool for clinical risk assessment. In addition,
our molecular docking analysis suggests that metformin may
potentially interact with MMP14 and PXDN proteins, which
could provide a theoretical basis for understanding its possible
mechanism of action in diabetic periodontitis. However, this
study still has some limitations: first, the findings are mainly
based on data analysis and lack experimental validation in
an independent cohort; second, although the binding sites of
metformin with key proteins have been identified, their specific
molecular regulatory mechanisms still need to be further
corroborated by in vitro and in vivo experiments. Future studies
could focus on the functional validation of these findings and
explore their application value in clinical individualized therapy.

Conclusion.

This study comprehensively explored the molecular
mechanisms linking periodontitis and diabetes, particularly
focusing on oxidative stress-related pathways. Through
systematic analysis, we identified four key genes (FOS, MMP 14,
CD38, and PXDN) that play crucial roles in the pathogenesis of
diabetic periodontitis. The TNF and IL-17 signaling pathways
emerged as significant mediators in this disease connection.
Notably, we discovered two distinct subtypes of periodontitis
with different immune cell infiltration patterns, suggesting
potential personalized therapeutic approaches. The molecular
docking analysis revealed that metformin shows strong binding
affinity with MMP14 and PXDN, indicating these proteins
might be potential therapeutic targets. Our findings provide
new insights into the molecular basis of diabetic periodontitis
and suggest potential therapeutic strategies for this complex
condition. These results not only deepen our understanding
of the relationship between diabetes and periodontitis but also
offer new perspectives for developing targeted treatments.
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