Ye etal. BMC Oral Health ~ (2024) 24:1548 BMC Oral Health
https://doi.org/10.1186/512903-024-05201-w

Check for
updates

Analysis of the basement membrane-
related genes ITGA7 and its requlatory
role in periodontitis via machine learning:
a retrospective study
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Abstract

Background Periodontitis is among the most prevalent inflammatory conditions and greatly impacts oral health.
This study aimed to elucidate the role of basement membrane-related genes in the pathogenesis and diagnosis of
periodontitis.

Methods GSE10334 was used for identification of hub genes via the differential analysis, protein-protein interaction
network, MCC and DMNC algorithms, and evaluation via LASSO regression and support vector machine analysis to
identify basement membrane-related markers in patients with periodontitis. Findings were validated by analysis of
the GSE16134 dataset and quantitative reverse transcription PCR. The regulatory interplay among IncRNAs, miRNAs,
and mRNAs was investigated through multiple databases. Immune infiltration analysis was performed to assess the
immune landscape in periodontitis.

Results [TGA7 was identified as a key gene for periodontitis, as supported by machine learning analysis, validation of
expression, and receiver operating characteristic analysis from external datasets. Immune infiltration analysis revealed
significant associations between [TGA7 expression and the infiltration of numerous immune cells implicated in
periodontitis. Additionally, our findings suggest that the expression of the INcCRNA LINC-PINT is significantly increased
in periodontitis, and that it can modulate ITGA7 expression through hsa-miR-1293.

Conclusion [TGA7 is a potential diagnostic and therapeutic target for periodontitis. The LINC-PINT/hsa-miR-1293/
ITGA7 axis and the relationship between ITGA7 and immune infiltration provide new insights into the molecular
mechanisms underlying periodontitis and highlight potential avenues for clinical intervention.
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Introduction

Periodontitis, the leading cause of tooth loss in adults, is
a chronic immunoinflammatory disease affecting both
soft and hard oral tissues. It arises from the host’s interac-
tion with bacterial biofilms around the teeth and is influ-
enced by genetic, behavioural, social, and environmental
factors [1-4]. The development of periodontitis is closely
related to the infection of periodontal tissue with spe-
cific bacteria, which can cause inflammation, weaken the
patient’s immune system and dysregulate the oral micro-
biota. Periodontitis destroys the structures supporting
the teeth and progressively destroys the alveolar bone
and periodontal ligaments, leading to periodontal pocket
formation, bone resorption, and progressive attachment
loss. Ultimately, oral health is adversely affected, leading
to tooth loss [5-9]. Currently, some clinical parameters,
such as the probing pocket depth, clinical attachment
loss, and the presence and extent of angular bone defects,
are the primary factors used to evaluate periodontal dis-
ease, determine subsequent treatment protocols and
predict prognosis [10]. However, the role of these param-
eters in early diagnosis and treatment is limited. At the
same time, the current treatment of periodontitis mainly
focuses on oral hygiene guidance, plaque control and
scaling [11]. However, there are also disadvantages, such
as frequent administration, poor patient compliance, and
systemic adverse reactions, which increase the risk of
bacterial resistance and other problems [12].Therefore,
the identification of more biomarkers for the diagno-
sis of periodontitis is helpful for its early diagnosis, and
these biomarkers could also be used as therapeutic tar-
gets, which is helpful for early intervention and treatment
with periodontitis and the prevention of some serious
sequelae.

The basement membrane (BM), the earliest extracel-
lular matrix identified in animals, was first observed in
skeletal muscle in 1840. The BM is a sheet-like extra-
cellular matrix and is implicated in various diseases,
including cancer, congenital muscular dystrophies, and
Pierson syndrome [13]. Recent studies highlight the criti-
cal role of the BM in the development, organization, and
preservation of oral tissues and its function as a barrier
against infections [14]. For example, Groeger SE demon-
strated the protective role of the BM in oral health [15],
and James P Simmer emphasized its importance in den-
tal enamel formation [16]. Additionally, Nurcan Gurses
reported a wider distribution of BM-associated proteins
in the connective tissue of periodontitis-affected tissues
[17]. Recently, advancements in high-throughput genetic
microarray technologies have enabled genetic-level anal-
ysis of disease onset [18, 19]. For example, Ryan T Dem-
mer identified 61 differentially expressed genes (DEGs)
in periodontitis tissues via high-throughput sequencing
[20], whereas Hansong Lee discovered an immunological
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link between periodontitis and type 2 diabetes through
single-cell sequencing [21]. Furthermore, Qi Xie used
bioinformatics to identify dysregulated BM-related
genes, such as MMP2, in periodontitis [22]. Machine
learning, as a crucial algorithmic approach, has also been
extensively applied in periodontitis research. Protein
interaction networks rely heavily on interactomic hub
genes, which can be predicted using machine learning.
By utilizing network analysis, feature selection, and pre-
dictive modeling, machine learning algorithms are able
to identify and rank hub genes according to their pos-
sible significance in biological pathways. Pradeep Kumar
Yadalam utilized machine learning to identify key genes
involved in periodontitis, offering new insights for fur-
ther investigation [23]. Recently, Haoran Yang employed
machine learning to identify nine key genes associated
with mitochondrial extracellular vesicles with high diag-
nostic value, demonstrating their strong correlation with
immune cell infiltration [24]. Despite these advance-
ments, the potential contributions of numerous genes to
the diagnosis and management of periodontitis remain
unclear.

To enhance our understanding and improve the diag-
nostic and therapeutic approaches for periodontitis, this
study aimed to explore the relationships between BM
genes and periodontitis. The dataset GSE10334 was used
for analysis in this study. The expression and diagnostic
utility of these genes were validated by analysis of the
validation dataset GSE16134 and by quantitative reverse
transcription PCR (qRT-PCR) (Fig. 1).

Materials and methods

Identification of BM-associated DEGs in periodontitis

The GSE10334 dataset (platform: GPL570, Affymetrix
Human Genome U133 Plus 2.0 Array) was obtained
from the Gene Expression Omnibus (GEO) database
and contains 247 gingival tissue samples (183 diseased
sites and 64 healthy sites) from 90 patients (63 patients
with chronic periodontitis and 27 patients with aggres-
sive periodontitis). The 2017 classification of periodon-
tal and peri-implant diseases and conditions introduced
substantial changes, categorizing periodontitis into three
main types: necrotizing periodontitis, periodontitis as a
manifestation of systemic disease, and periodontitis. The
forms of the disease previously recognized as ‘chronic’
or ‘aggressive’ are now grouped under a single category,
‘periodontitis; according to the new classification tech-
nique [4, 25]. Therefore, this study analyzed the two types
of patients in this dataset together.

The datasets were retrieved via the GEOquery pack-
age (version 2.64.2) [26] and statistical analysis was per-
formed with R (version 4.2.1). Probes corresponding
to multiple molecules were eliminated, retaining only
the probe with the highest signal value. The data were
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Fig. 1 The flowchart of this study

normalized using the normalizeBetweenArrays function
of the limma package (version 3.52.2) [27]. Differential
analysis between the two groups was conducted using the
limma package, and the results were visualized with vol-
cano plots and heatmaps.

The significance threshold was set at an adjusted p
value<0.05 and |log FC| > 0.5 for generating the volcano
plot, which was performed via the ggplot2 package (ver-
sion 2.3.6). Genes associated with the BM were identified
from prior research [28], and BM-associated DEGs were
identified through Venn diagrams. The BM-associated
DEGs were visualized in heatmaps generated with the
ComplexHeatmap package (version 2.13.1) [29].

Hub gene determination

The DEGs related to the BM were used to construct
a protein-protein interaction (PPI) network via the
STRING online analysis tool (https://string-db.org/) with
a minimum required interaction score of 0.400 [30]. Hub
genes were identified using the MCC and DMNC algo-
rithms in the cytoHubba plugin of Cytoscape (version
3.9.1), and the top 10 hub genes were determined.

Identification of BM-associated markers
Two types of machine learning were used to analyze
the BM-Associated DEGs obtained previously, and the

\ 4

LINC-PINT/hsa-miR-
1293/ITGA7 axis

y

Validation of ITGA7 and PINT:
gqRT-PCR, ROC, GSE16134

prediction results were intersected with the hub genes
to determine the final BM-Associated Markers. Using
the R glmnet package, the power of genes to distinguish
periodontitis samples from healthy samples was assessed
using the LASSO regression approach with the optimal
lambda identified. Tenfold cross-validation validated the
parameter selection to ensure the partial likelihood devi-
ation met the minimum criteria. Support vector machine
(SVM) analysis, combined with recursive feature elimina-
tion (RFE), was used to filter optimal genes. Significant
potential BM-associated markers were further evaluated
using the GSE16134 dataset (Appendix 1).

Receiver operating characteristic (ROC) analysis

Following the acquisition of the GSE16134 dataset from
the GEO database, a logistic model was constructed
using the R glm function. Analysis was performed with
the pROC package, and results were visualized using the
ggplot2 package.

Immune cell infiltration analysis

Based on the ssGSEA algorithm in the R package -GSVA
[31], the markers for 24 discrete types of immune cells
reported in an article published in Immunity were used
to calculate immune infiltration scores [32]. Then, the
Wilcoxon rank—sum test was used for statistical analysis
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of immune cell infiltration in the disease group and the
healthy group, and the data were visualized with the
ggplot2 package.

LncRNA-miRNA-mRNA regulation prediction

Five databases (TargetMiner, miRDB, RNAInter, miR-
Walk, and RNA22) were used to predict miRNAs that
were related to the candidate diagnostic markers. The
final miRNAs were identified by comparing those that
interacted with each marker. From the HGNC data-
base, we obtained 9090 IncRNAs (retrieved on October
5, 2023), and 19 differentially expressed IncRNAs were
identified in the GSE10334 dataset (JlogFC| > 0.5, adj.
P<0.05). The DIANA database (https://diana.e-ce.uth.gr
/Incbasev3) was used to predict the relationship between
differentially expressed IncRNAs and miRNAs [33]. The
data were visualized using Cytoscape (version 3.9.1).

In vitro cell experiment

Human gingival fibroblasts (HGF-1, ATCC, USA, #CRL-
2014) were cultured in DMEM supplemented with 10%
foetal bovine serum (Gibco, USA). HGF-1 cells were
seeded in plastic culture dishes and incubated at 37 °C
with 5% CO2. At 80% confluence, cells were subcultured
and divided into control and experimental group. The
cells in the experimental group were processed with Por-
phyromonas gingivalis LPS (InvivoGen, USA) at a final
concentration of 10 pg/mL for 12 h, while the cells in the
control group were treated with an equal volume of PBS
[34].

qRT-PCR
Total RNA was extracted using TRIzol. cDNA was syn-
thesized by reverse transcription at 95 °C for 5 min fol-
lowed by incubation at 37 °C for 15 min. qRT-PCR was
performed for 5 min at 95 °C, followed by an annealing
stage of 40 cycles for 10 s at 95 °C and 30 s at 60 °C. Rela-
tive gene expression was normalized to that of ACTB
(anti-actin) and calculated via the 2-2ACT method. The
primer sequences used are listed in Table 1.

Statistical analysis
Statistical comparisons between periodontitis and con-
trol specimens were performed using the student’s t test

Table 1 Specific sequences of the primers used in the
polymerase chain reaction (PCR) assay

Gene Forward (5'-3') Reverse (5'-3')

ACTB GTTGTCGACGACGAGCG GCACAGAGCCTCGCCTT

TGA7 TTGAGCTGCCACTGTCCATTGC CCGTGACCTCATACTTG
ACCTTGC

PINT TGCCATCTGGATTTCTCTGCC TGTTCAGTGGTTTATTCT
GCTTCA
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in R. Differences were considered statistically significant
at *#x%xp <0.0001, *+xp<0.001, *+p<0.01, or xp<0.05.

Results

Identification of DEGs

BM-associated DEGs of periodontitis patients and
healthy controls were identified using the GSE10334
dataset. A total of 813 genes were significantly upregu-
lated (log FC>0.5), and 540 genes were significantly
downregulated (log FC < -0.5) in patients with periodon-
titis (Fig. 2A). A Venn diagram was generated to deter-
mine the intersection between the BM-related genes and
the DEGs, and 47 BM-associated DEGs were identified
(Fig. 2B). Furthermore, a heatmap of these genes was
generated. The results showed that 6 genes were down-
regulated and 41 genes were upregulated in the disease
group (Fig. 2C).

Hub gene determination

A PPI network for the 47 BM-associated DEGs was con-
structed using the STRING database (Fig. 3A). The top
10 hub genes were identified using the MCC and DMNC
algorithms (Fig. 3B-C). Finally, 5 hub genes, COL4AS6,
ITGA7, COL4A4, LAMA4, and ITGAS, were identified
by taking the intersection of the genes identified by the
two algorithms (Fig. 3D).

Identification of a BM-associated marker for periodontitis
Based on the 47 BM-associated DEGs, important BM-
associated genes were identified using LASSO regression
analysis and the SVM-RFE method. A total of 17 impor-
tant BM-associated genes were identified by LASSO
regression analysis (Fig. 4A), and 23 important BM-
associated genes were identified with the SVM-RFE algo-
rithm (Fig. 4B). The final BM-associated marker, ITGA7,
was identified by comparing these genes with the 5 hub
genes (Fig. 4C).

Validation of the BM-associated marker

The expression of ITGA7 was validated using the
GSE16134 dataset, and the results showed that ITGA7
expression was significantly higher in samples from
periodontitis patients than healthy individuals (Fig. 5A).
ROC analysis also demonstrated its high diagnostic value
(Fig. 5B).

Immune infiltration analysis

The research also investigated the role of immune infiltra-
tion in periodontitis using GSEA. The analysis revealed
significant differences in the abundances of various types
of immune cells. Among them, activated DCs, B cells,
CD8+T cells, cytotoxic cells, DCs, immature DCs, mac-
rophages, neutrophils, CD56bright NK cells, CD56dim
NK cells, NK cells, plasmacytoid DCs, T cells, T effector
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Fig. 2 A: A total of 813 genes were significantly upregulated (log FC>0.5, red) and 540 genes were significantly downregulated (log FC < -0.5, blue)
in patients with periodontitis. B: A total of 47 BM-associated DEGs were identified by taking the intersection of the BM-related genes and the DEGs. C:

Heatmap of the 47 BM-associated DEGs

memory cells, T follicular helper cells, T gamma delta
cells, Th1 cells and Th17 cells were more abundant in the
disease group, while T helper cells, T central memory
and Th2 cells were less abundant in the disease group
(Fig. 6A). Moreover, our results showed strong associa-
tions between ITGA7 expression and immune cell infil-
tration. Specifically, the infiltration of B cells, CD8+T
cells, cytotoxic cells, DCs, immature DCs, macrophages,
neutrophils, CD56bright NK cells, CD56dim NK cells,
NK cells, plasmacytoid DCs, T cells, T effector memory
cells, T follicular helper cells, T gamma delta cells, Th1l
cells, Th17 cells and Tregs was significantly positively
correlated with ITGA7 expression, while the infiltra-
tion of T helper cells, T central memory cells and Th2
cells was significantly negatively correlated with ITGA7
expression. However, there was no statistically significant
correlation between the infiltration of activated DCs,
eosinophils, or mast cells and the expression of ITGA7
(Fig. 6B). The results showed a surprising association
among ITGA7, immune cells and disease. When ITGA7
was upregulated, the abundances of positively related
immune cells were increased in the disease group, and
the abundances of negatively related immune cells were
decreased in the disease group. Therefore, ITGA7 may
be involved in the occurrence and development of peri-
odontitis by altering immune cell infiltration.

LncRNA-miRNA-mRNA regulation

ITGA7-related miRNAs were predicted using five data-
bases, leasing to the identification of two miRNAs
(Fig. 7A). From the GSE10334 dataset, 19 differentially
expressed IncRNAs were identified between the diseased
and healthy groups (Fig. 7B). The regulatory relation-
ship between LINC-PINT, hsa-miR-1293 and ITGA7 was
established using the DIANA database (Fig. 7C). Analy-
sis of the GSE16134 dataset showed elevated expression
of LINC-PINT in periodontitis samples (Fig. 7D). ROC
analysis indicated that LINC-PINT has high diagnos-
tic value (Fig. 7E). Using both ITGA7 and LINC-PINT
enhanced diagnostic accuracy compared to that of
ITGA7 or LINC-PINT alone (Fig. 7F). Cell experiments
further confirmed the upregulation of LINC-PINT and
ITGA7 in the experimental group, consistent with our
data analysis (Fig. 7G).

Discussion

The BM-associated marker, ITGA7, was identified by
differential expression analysis, PPI network analysis,
the identification of hub genes via the MCC and DMNC
algorithms, and evaluation by LASSO regression and
support vector machine analysis. In addition, an unex-
pected association among disease, immune cell infiltra-
tion, and ITGA7 expression was identified. When ITGA7
expression was upregulated, the abundances of positively
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five hub genes

related immune cells were increased and the abundances
of negatively related immune cells were decreased in
the disease group. This pattern suggests that ITGA7
may affect the occurrence and development of diseases
by regulating the infiltration of immune cells. Then,
using the IncRNA-miRNA-mRNA network, we found
that LINC-PINT was highly likely to upregulate ITGA7
expression through hsa-miR-1293, thereby affecting the
development and progression of periodontitis. Finally,
the diagnostic value of LINC-PINT and ITGA7 was veri-
fied by ROC curve analysis, and their expression levels
were validated in an in vitro cell experiment. The findings
suggested that the BM-associated marker ITGA7 plays
an important role in periodontitis and is a potential diag-
nostic and therapeutic target.

ITGA7 encodes integrin alpha 7, a protein that medi-
ates cell-matrix and cell-cell interactions, influencing
cell morphology, migration, differentiation, and inva-
sion. This protein acts as a receptor for the BM protein
laminin 1 and is mainly expressed in cardiac and skeletal
muscles, playing a role in myogenesis [35-38]. ITGA7

has been associated with congenital muscular dystrophy
and congenital myopathy [39, 40]. It has been shown that
myogenic differentiation is regulated by integrin o7f1
signaling [41]. We found that the expression of ITGA7
was significantly upregulated in periodontitis, consistent
with the findings of Ulvi K. Giirsoy [42]. Additionally,
immunosuppressive drugs, linked to gingival overgrowth,
have been shown to upregulate ITGA7 expression in
fibroblasts [43]. Lauritano demonstrated that amlodip-
ine exacerbates fibrotic responses and gingival over-
growth via ITGA7 [44]. Li found that p75NTR+ cells with
enhanced osteogenic capacity involve ITGA7 as a recep-
tor for laminin [45]. Meanwhile, LINC-PINT is associ-
ated with various diseases, including chronic obstructive
pulmonary disease and colorectal cancer [46, 47].
Although its role in periodontitis is not well understood,
our study showed that LINC-PINT may upregulates
ITGA7 through hsa-miR-1293, impacting periodonti-
tis progression via the BM. In general, the components
of the LINC-PINT/hsa-miR-1293/ITGA7 axis, espe-
cially ITGA7, are potentially important diagnostic and
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therapeutic targets for periodontitis. Further research is
needed to elucidate their specific regulatory mechanisms
in periodontitis.

Periodontitis is closely linked to immune responses [8,
48, 49]. Immune infiltration analysis revealed that the
infiltration of B cells, CD8+T cells, cytotoxic cells, DCs,
immature DCs, macrophages, neutrophils, CD56bright
NK cells, CD56dim NK cells, NK cells, plasmacytoid
DCs, T cells, T effector memory cells, T follicular helper
cells, T gamma delta cells, Th1 cells, Th17 cells and Tregs
all was significantly positively correlated with the expres-
sion of ITGA7, while the infiltration of T helper cells,
T central memory cells and Th2 cells was significantly

negatively correlated with ITGA7 expression. Accumu-
lating studies have shown that excessive activation of the
immune response can activate osteoclasts and lead to
alveolar bone loss. The inflammatory factors produced by
Th17 cells play an important role in the occurrence and
development of periodontitis [50-53]. However, whether
Th17 cells and Th17 cell-secreted IL-17 play a promot-
ing or inhibitory role in the development of periodontitis
remains controversial. IL-17 has anti-infective proper-
ties and can function as an immunological surveillance
factor. However, because IL-17 can play a direct role in
Rank/Rankl pathway-mediated periodontal bone loss,
Th17 cells can contribute to bone degradation in the
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context of periodontitis in addition to their function in
mucosal immunity [54]. Our study showed that ITGA7
expression is significantly positively correlated with Th17
cell infiltration. Therefore, the upregulation of ITGA7
may promote the infiltration of Th17 cells and aggra-
vate periodontitis. This hypothesis is consistent with
our observation that Th17 cells were significantly more
abundant in the periodontitis group than in the control
group. Moreover, some studies have shown that B cells
play a dual role in the development and progression of
periodontitis [55-57]. B cells can play a protective role
by promoting the clearance of bacteria and preventing
the further development of periodontitis [56]. B cells can
also mediate the destruction of alveolar bone by support-
ing the differentiation of osteoclasts, further exacerbating
periodontitis [55]. However, the role of B cells in peri-
odontal progression remains incompletely understood.
Our study showed that the expression of the BM-asso-
ciated marker ITGA7 was significantly associated with
B cell infiltration, suggesting its potential role in regulat-
ing the function of B cells in periodontitis. However, the
detailed mechanism by which ITGA7 regulates the pro-
gression of periodontitis by regulating the function of B
cells requires further investigation. Moreover, our find-
ings revealed an unexpected correlation between disease,
immune cells, and ITGA7. When ITGA7 was upregu-
lated, the abundances of positively related immune cells

were increased and the abundances of negatively related
immune cells were decreased in the disease group. Over-
all, our findings indicated that ITGA7 expression was
positively correlated with the infiltration of the major-
ity of immune cells, suggesting that ITGA7 may play an
important role in the immune processes associated with
periodontitis.

The most important finding of this study is the iden-
tification of an important BM-associated marker,
ITGA7, and its related regulatory axis (LINC-PINT/
hsa-miR-1293/ITGA7) and relationship with immune
cells. ITGA7 is a potential diagnostic and therapeutic
target for periodontitis. Moreover, our findings provide
new insights for studying the mechanisms underlying the
occurrence and development of periodontitis.

However, this study has limitations. First, the analysis
used data from online databases that lacked clinical infor-
mation necessary for analyses such as site severity. Sec-
ond, this retrospective study requires prospective studies
to confirm our findings. Third, further verification of
ITGA7, LINC-PINT, and hsa-miR-1293 expression and
regulatory relationships in human tissues is needed. For
example, the gingival tissues of periodontitis patients and
healthy individuals could be obtained and the expression
of related genes evaluated by qRT-PCR. In addition, the
expression of hsa-miR-1293 and ITGA7 and the sever-
ity of periodontitis could be evaluated by silencing or
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Fig. 6 A: Differences in immune infiltration between the disease and control groups. B: Correlations between ITGA7 expression and immune cell

infiltration

knocking down LINC-PINT in mouse and cell models of
periodontitis and comparing the control group with the
model group. Finally, the mechanism by which ITGA7
influences local immune cell infiltration and periodonti-
tis progression, including the role of LINC-PINT via hsa-
miR-1293, requires further study.

Conclusion

Here, we identified ITGA7, a BM-associated marker, as a
potential diagnostic and therapeutic target for periodon-
titis. We also showed that ITGA7 expression a is closely
related to immune cell infiltration. Moreover, we further
discovered the regulatory role of the LINC-PINT/hsa-
miR-1293/ITGA7 axis. These insights offer a new per-
spective on the diagnosis and treatment of periodontitis,
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emphasizing the importance of BM-related genes and
their regulatory networks in the disease’s pathogenesis.

Abbreviations

BM Basement membrane

GO Gene Ontology

KEGG Kyoto Encyclopedia of Genes and Genomes

ROC Receiver operating characteristic

DEGs Differentially expressed genes

PPI Protein-protein interaction network

GEO Gene Expression Omnibus

BP Biological process

CcC Cellular component

MF Molecular function

MCC Maximal clique centrality

DMNC Density of Maximum Neighbourhood Component
SVM Support vector machine

LASSO Least-Absolute Shrinkage and Selection Operator
gRT-PCR  Quantitative reverse transcription PCR
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