
O R I G I N A L  R E S E A R C H

lncRNA RNA AC114812 Regulates the 
Inflammatory Response of Periodontal Ligament 
Cells via the miR-181a-5p-SPP1 Axis
Tong Tong1, Fei Zhao 1, Ran Tao1, Chunyan Liu2, Bing Liu1

1Department of Periodontal I, School of Stomatology, Hebei Medical University, Shijiazhuang, People’s Republic of China; 2Department of 
Orthodontics, School of Stomatology, Hebei Medical University, Shijiazhuang, People’s Republic of China

Correspondence: Bing Liu, School of Stomatology, Hebei Medical University, No. 383, Zhongshan East Road, Chang’an District, Shijiazhuang,  
Hebei, 050017, People’s Republic of China, Email liubing@hebmu.edu.cn

Background: Long noncoding RNAs (lncRNAs) play a significant role in the occurrence and development of periodontitis. We 
investigate the potential role of the lncRNA AC114812 in the lipopolysaccharide (LPS) induced proliferation, migration and 
inflammatory response of periodontal ligament cells (PDLCs) via the miR-181a-5p-SPP1 axis.
Methods: Bioinformatics analysis and whole transcriptome sequencing analysis were conducted on the gingival tissues of three pairs 
of healthy and periodontitis patients to screen out lncRNAs with differential expression in periodontitis and a periodontitis cell model 
was constructed via stimulation with LPS. The expression levels of the lncRNA AC114812 in tissues and cells were detected via real- 
time quantitative polymerase chain reaction (qRT-PCR), and the expression localization was detected via fluorescence in situ 
hybridization (FISH). The role of si-AC114812 in periodontitis was investigated through qRT-PCR, MTT assay and wound healing 
experiments. Through database screening combined with sequencing results, the competitive endogenous RNA (ceRNA) mechanism 
of lncRNA AC114812-miR-181a-5p-SPP1 was verified via a dual-luciferase gene reporter assay.
Results: LncRNA AC114812 was highly expressed in periodontitis tissues. Knockdown of lncRNA AC114812 inhibited the 
expression of inflammatory factors interleukin-1β (IL-1β) and interleukin-6 (IL-6) in PDLCs stimulated by inflammation and improved 
the proliferation and migration abilities of PDLCs affected by inflammation. FISH assays confirmed that the lncRNA AC114812 was 
expressed mainly in cytoplasm and may have a sponge effect. The ceRNA mechanism of the lncRNA AC114812-miR-181a-5p-SPP1 
was predicted. The dual-luciferase gene reporter assay verified the existence of binding sites among the three genes and their mutual 
regulatory effects.
Conclusion: By regulating the expression of long non-coding RNA AC114812, the inflammatory response can be alleviated, thereby 
affecting cell proliferation and migration. The effect may be achieved through the miR-181a-5p-SPP1 axis. These can provide new 
strategies and intervention targets for the prevention and treatment of periodontal diseases.
Keywords: periodontitis, LncRNA AC114812, inflammatory response

Introduction
Periodontitis is a type of chronic inflammatory disease that occurs in periodontal supporting tissues and is characterized 
mainly by progressive damage to periodontal supporting tissues. It can lead to a series of clinical symptoms, including 
gingival bleeding, gingival recession, tooth loosening, and even tooth loss, and is currently the main cause of tooth loss in 
adults.1 The pathogenesis of periodontitis is not yet clear. Many studies have shown that periodontitis is caused mainly by 
pathogenic bacteria affecting the host immune response, leading to immune mechanism disorders in the host, causing the 
periodontal tissues to be continuously exposed to a local inflammatory environment and inducing pathological changes or 
complications in the whole body.2 Disorders of the immune response mechanism are largely regulated by genes.3 Gene 
therapy, as an effective treatment method, has received extensive attention in the treatment of chronic diseases such as 
cardiovascular diseases and diabetes.4 Many studies have shown that regulating disease-related genes through methods 
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such as gene silencing, gene activation, and epigenetic regulation, including regulating lncRNAs, improve treatment 
efficacy.5–9

LncRNAs are noncoding RNAs composed of more than 200 nucleotides and are important biological function 
transcripts. They can play powerful regulatory roles in various biological functions and activities.10 Moreover, 
lncRNAs are immunogenic and participate in the regulation of gene expression in immune cells and pathogenic 
bacteria.11–14 For example, Xu et al reported that the lncRNA Sros1 can promote the activation of the IFN-γ-mediated 
innate immune response by stabilizing Stat1 mRNA.15

Recent studies have found that non-coding RNAs play a crucial role in the progression of periodontitis by regulating 
inflammatory factors, immune cell activation, and bone metabolism imbalance through the ceRNA mechanism.16 Taking 
lncRNA as an example, lncRNA can act as a molecular sponge to absorb miRNAs, competitively inhibiting the 
expression of miRNAs and thereby relieving the inhibition on downstream target gene mRNAs.17 LncRNA affects the 
expression of downstream target genes (such as IL-1β, IL-6) by binding to pro-inflammatory or anti-inflammatory 
miRNAs, regulating the inflammatory response.18 It also affects alveolar bone destruction through the miRNA-Osteoclast 
signaling axis (such as the RANKL/OPG pathway) and regulates bone resorption.19 During the development of period
ontitis, many lncRNAs are dysregulated. Some differentially expressed lncRNAs have been proven to be related to many 
key aspects of periodontitis progression.20 Studies have shown that ceRNAs also play important roles in the occurrence 
and development of periodontitis.21–24 Zhou Mi et al reported that long noncoding RNA 01126 promotes the pathogen
esis of periodontitis in human PDLCs through the miR-518a-5p/HIF-1α/MAPK pathway,25 and Chen Hong et al reported 
that long noncoding RNA FGD5-AS1 affects the occurrence of periodontitis by regulating the miR-142-3p/SOCS6/NF- 
κB pathway.26 The regulatory mechanism of lncRNAs in periodontitis is not yet known and will need to require further 
exploration.

Currently, high-throughput sequencing is developing rapidly, aiding in discovering key lncRNAs.27 We conducted 
whole-transcriptome sequencing on gingival tissues and revealed that the lncRNA AC114812 was differentially 
expressed in periodontitis. The lncRNA AC114812 is stably expressed in mammals and has a full length of 663 bp, 
contains two exons, and is located on chromosome 2 and it is a verified antisense lncRNA.28 Through the association of 
genomic loci and the co-expression relationship between lncRNAs and mRNAs, it may have a certain association with 
the UDP-glucuronosyltransferase 1A family (UGT1As). In inflammation, there are significant differences in the expres
sion of UGT1As, and their expression and function may be closely related to the inflammatory response.29 Therefore, 
lncRNA AC114812 may have played an important regulatory role in periodontitis. This study revealed that the lncRNA 
AC114812 was differentially expressed in periodontitis. By exploring its effects on inflammation and the proliferation 
and migration ability of PDLCs, as well as the possible ceRNA regulatory mechanism, new strategies for the prevention 
and treatment of periodontitis are provided.

Methods
Gingival Biopsy Collection
Human gingival tissues were obtained from patients with periodontitis (n = 13) and from healthy controls who received 
gingivectomy or crown lengthening during orthodontic or prosthodontic treatment (n = 13) at the Department of 
Periodontology of Hebei Medical University. All patients who provided samples provided with informed consent were 
included, and the collected samples were immediately frozen separately at −150°C. Gingival tissues fromcoronal to the 
gingival margin (2–4mm) of patients who needed periodontal surgery and were treated at the Stomatological Hospital of 
Hebei Medical University from January 2022 to August 2023 were collected. Gingival tissues from 13 pairs of patients 
with healthy and chronic periodontitis were collected. The general conditions of patients with healthy and chronic 
periodontitis were included. The age of the healthy gingiva group was (35.23 ± 6.11) years, including 5 males and 8 
females; the age of the chronic periodontitis group was (40.38 ± 6.01) years, including 7 males and 6 females. There was 
no statistical significance, and the interference of gender and age on the experimental results was excluded. The inclusion 
criteria were as follows: ① Good health and no systemic diseases (such as diabetes, heart disease, etc).; ② No bad habits 
(such as smoking, etc).; ③ No antibiotics were taken in the past six months. The standard for healthy periodontium was 
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no gingival inflammation, no bleeding on probing, and probing depth ≤ 3 mm, but requiring periodontal aesthetic surgery 
or crown lengthening surgery. The standard for chronic periodontitis was diagnosed as moderate to severe chronic 
periodontitis, and after basic treatment, the periodontal probing was still ≥ 5 mm, requiring periodontal surgery.

Whole-Transcriptome Sequencing Analysis
Three pairs of gingival tissues from healthy individuals and patients with periodontitis were selected. Total RNA was 
extracted, and a strand-specific library was constructed via rRNA depletion. After quality control of the library, 
sequencing was performed via an Illumina NovaSeq™ 6000, with a sequencing read length of 2*150 bp (PE150). 
Sequencing was completed by Hangzhou Lianchuan Biotechnology Co., Ltd.

Bioinformatics analysis was conducted to explore the mechanism of action of the lncRNA AC114812. The miRanda 
3.3a (http://www.bioinformatics.com.cn/local_miranda_miRNA_target_pred-iction_120) and TargetScan databases 
(https://www.targetscan.org/vert_61/) were used to predict the targets of the miRNA candidates.

Total RNA Extraction, cDNA Synthesis, and qRT-PCR
Total RNA was extracted from cultured tissues or cells via TRIZOL reagent (Beyotime, Shanghai, China) according to 
the manufacturer’s instructions. cDNA was synthesized from 1 μg of total RNA via a cDNA reverse transcription kit 
(Thermo Fisher Scientific, Waltham, Massachusetts, USA). qRT-PCR was performed via SYBR Green Master Mix 
(Takara Biomedical Technology, Kusatsu, Japan) on a QuantStudio 5 Real-time PCR instrument (Thermo Fisher 
Scientific, Waltham, Massachusetts, USA). The thermal settings were as follows: 95°C for 30s, 95°C for 5 s for 40 
cycles, and 60°C for 34s for 40 cycles. The average value of the housekeeping gene GAPDH was used as the internal 
reference for mRNA, and the small nuclear RNA U6 was used as the internal control for miRNA. Three qRT-PCRs were 
performed. Table 1 lists the primers used in the experiment, and the results were analyzed via the 2−ΔΔCt relative 
expression method.

Cell Culture and Model Construction
Healthy individuals aged 14–29 years who visited the Department of Oral and Maxillofacial Surgery of Hebei Medical 
University were recruited. The periodontal ligament tissues around the extracted impacted wisdom teeth or orthodontic 
teeth were collected as the primary cell culture source of PDLCs. The primary cells were cultured in T25 flasks 
containing high-glucose DMEM (Gibco, San Diego, California, USA), 10% fetal bovine serum (viva cell, Shanghai, 
China), and 1% double antibody (viva cell, Shanghai, China) at 37°C and 5% CO2. Cells from the P3 to P5 generations 
were used for subsequent experiments (Figure S1) The cell source was identified by immunocytochemical staining, and 
the results were determined by Servicebio (Wuhan, China) (Figure S2). LPS (InvivoGen, San Diego, California, USA) 
was used to stimulate PDLCs and establish an in vitro inflammatory environment (Figure S3).

Table 1 Primer Sequences

Gene name Forward Primer Reverse Primer

GAPDH CAGGAGGCATTGCTGATGAT GAAGGCTGGGGCTCATTT

U6 GCTTCGGCAGCACATATACTAAAAT CGCTTCACGAATTTGCGTGTCAT
IL-6 TTCGGTCCAGTTGCCTTCTCC TCTGAAGAGGTGAGTGGCTGTC

IL-1β ATGGCTTATTACAGTGGCAATGAGG AGTGGTGGTCGGAGATTCGTAG

lncRNA AC114812 TGGGCTTCTGCTGAATGTATGC GGTGATCCTGGCTGAGTATTTGG
miR-181a-5p AACATTCAACGCTGTCGGTGAGTAA GTGCAGGGTCCGAGGT

SPP1 AATGCTGTGTCCTCTGAAGAAACC AGTCAATGGAGTCCTGGCTGTC

si-NC UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT
si-AC114812 ACAGAAAGUAAAAACCUAGCU CUAGGUUUUUACUUUCUGUAG

mimic miR-181a-5p AACAUUCAACGCUGUCGGUGAGU UCACCGACAGCGUUGAAUGUUUU
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Plasmid Construction and Extraction
The plasmid was constructed in the vector pmirGLO at Xi’an GeneCarer, China, Ltd. and purified via the TianGen Plasmid 
Mini Kit (TianGen, Beijing, China). The plasmid was purified and amplified according to the manufacturer’s protocol.

Cell Transfection
The small interfering RNA (si-AC114812) and siRNA control (si-NC) were designed by Xi’an GeneCarer, China, Ltd., 
and the mimic NC and mimic miR-181a-5p were designed by Sangon Biotech (Shanghai, China). According to the 
manufacturer’s protocol, when the cells reached 70%~80% confluence, 100 nM Lipofectamine 3000 (Invitrogen, 
Carlsbad, California, USA) was used to transfect si-NC and si-AC114812 into PDLCs to construct knockdown models. 
The purified plasmid was cotransfected with a miR-181a-5p mimic or nc mimic into PDLCs.

MTT Assay
PDLCs were seeded in 96-well plates (1 × 104 cells/well). After various treatments, 5 mg/mL MTT solution (Solarbio, 
Beijing, China) was added to each well at the designated time point and then incubated at 37°C for 4 h. Afterward, 
200 μL of dimethyl sulfoxide solution (Sigma, St. Louis, Missouri, USA) was added to dissolve the reaction product 
formazan. The optical density was measured at 570 nm via a microplate reader (Bio-Tek PowerWaveXS2).

Wound Healing Experiment
PDLCs were seeded at a density of 2.0×105 in each well of a 6-well plate. A scratch was made along the diameter of the 
cell layer via a 100 μL pipette tip. The wells were washed with PBS, and the medium was replaced with serum-free 
medium. Images were captured via a microscope (Olympus, Tokyo, Japan) at a magnification of 40× at the specified 
time. The relative area of the wound was calculated via Image-Pro v1.49.

FISH Assay
The probes for lncRNA AC114812, U6, and GAPDH for RNA FISH were purchased from Servicebio, China, Ltd. Cells 
were seeded onto slides. The cells were fixed in 4% paraformaldehyde for 15 minutes and treated with 0.1% Triton 
X-100 for 10 minutes to increase cell permeability. After three washes, the cells were incubated with the prehybridization 
solution for 60 minutes and then incubated with the hybridization solution containing the lncRNA AC114812 probe 
overnight at 37°C. After washing, the cells were stained with DAPI, and images were captured via a confocal imaging 
system (Nikon upright fluorescence microscope, Tokyo, Japan).

Preparation of Cytoplasmic and Nuclear Components
A Cell Cytoplasm and Nucleus Isolation Kit (Thermo Fisher Scientific, Waltham, Massachusetts, USA) was used to 
collect cytoplasmic and nuclear RNA from PDLCs according to the kit manual. GAPDH was used as the internal control 
for the cytoplasm, and U6 was used as the internal control for the detection of the nucleus.

Dual-Luciferase Gene Reporter Assay
One nanogram of plasmid was transfected together with 100 nM NC mimic or miR-181a-5p mimic into cells via 
Lipofectamine 3000. Twenty-four hours after transfection, the Renilla and firefly luciferase activities were measured via 
the Dual-Luciferase Reporter Assay System (Beyotime, Shanghai, China) according to the manufacturer’s instructions. 
The light intensity of Renilla luciferase was standardized to that of firefly luciferase and expressed as a multiple of 
induction relative to the basal activity.

Statistical Analysis
The data were analyzed via SPSS 27 statistical software. Statistical significance was set at P < 0.05. One-way analysis of 
variance or t tests were used to determine statistical significance. All the assays were independently performed three 
times.
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Results
Abnormal Expression of lncRNAs in Periodontitis
By analyzing the sequencing data, abnormally expressed lncRNAs were obtained. From the 3 pairs of samples, normal
ization processing was carried out for the two groups of samples via FPKM values, and differential lncRNAs were 
screened based on the criteria of P < 0.05 and log2(fold change) > 1 or log2(fold change) < −1. A total of 685 
differentially expressed lncRNAs were obtained under the screening conditions, among which 230 were upregulated 
and 455 were downregulated (Figure 1). Through the Pearson correlation coefficient and free energy value, potential 
target genes of lncRNAs were predicted. A total of 58,825 potential target genes were obtained, among which 60 
differentially expressed target genes with P < 0.05 and log2(fold change) > 1 or log2(fold change) < −1 were obtained as 
the threshold. Nine lncRNAs that were differentially expressed and were identified via interaction analysis with mRNAs 
were also screened out (Figure 2). Among them, the expression of the lncRNA AC114812 was the most significantly 
different (log2FC = 12.96).

Figure 1 Abnormal expression of lncRNAs in periodontitis.(A). The expression trends of differentially expressed lncRNAs. (B). The volcano plot was drawn to clearly 
show the differentially expressed lncRNAs.

Figure 2 Screening of lncRNAs (A). Venn diagram shows the lncRNAs that are differentially expressed and upregulated, which were selected together with 9 lncRNAs that 
interact with mRNAs for analysis. (B). Clustering heatmaps shows that the expression of the lncRNA AC114812 was the most significantly different among the 9 lncRNAs.
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The KEGG enrichment analysis results revealed that a total of 253 pathways and related diseases were enriched, among 
which the most significantly enriched terms related to our study are as follows (Figures 3A): the NOD-like receptor 
signaling pathway, malaria, necroptosis, ferroptosis, rheumatoid arthritis, cancer, etc. Current studies have confirmed their 
correlations with periodontitis.30–35The GO analysis results indicated that the target genes of the significantly differentially 
expressed lncRNAs were enriched in a total of 2475 biological processes, 451 cellular components, and 644 molecular 
functions; among them, 141 biological processes, 14 cellular components, and 35 molecular functions were significantly 
enriched (p < 0.05). The most significantly enriched terms related to our study are shown (Figures 3B) and include functions 
such as keratinocyte differentiation, oxygen transport, and calcium-activated potassium channel activity. Current studies 
have confirmed their correlations with periodontitis.36–38 In conclusion, based on the sequencing results and abnormal 
expression in periodontal tissues, we hypothesized that the lncRNA AC114812 is highly correlated with the pathogenesis of 
periodontitis and further verified its role in the pathogenesis of periodontitis. Through qRT-PCR, the expression of the 
lncRNA AC114812 in gingival samples from patients with periodontitis (n = 10) and healthy controls (n = 10) was 
compared. At the same time, the genes with differential expressions identified in the sequencing data were randomly 
selected for further verification of the reliability of the sequencing data. The results showed that their expression levels were 
consistent with the sequencing results (Figure S4). The expression of the lncRNA AC114812 was significantly increased in 
the periodontitis group (Figure 4A), further verifying this speculation.

LncRNA AC114812 Affects PDLCs Under Inflammatory Conditions
A periodontal ligament cell model of periodontitis was constructed via the use of LPS from Porphyromonas gingivalis (P. 
g) to simulate PDLCs in a periodontitis environment. After 12 h of stimulation with 1 μg/mL LPS, the expression of 
inflammatory factors and the lncRNA AC114812 were detected. The results revealed that LPS promoted the expression 
of inflammatory factors, including IL-6 and IL-1β (Figures 4C andD), and that the expression of the lncRNA AC114812 
was upregulated in PDLCs under inflammatory conditions (Figure 4B).

To further determine the role of the lncRNA AC114812 in periodontitis, a knockdown model of the lncRNA 
AC114812 was constructed by using a siRNA to knockdown the lncRNA AC114812. The transduction efficiency of 
PDLCs was greater than 75% (Figure 4E). The qRT-PCR results were used to confirm the transfection effect in PDLCs. 
After lncRNA AC114812 was knocked down, 12 h of LPS inflammatory stimulation was performed. There was no 
significant difference in the expression levels of IL-6 and IL-1β after the knockdown lncRNA AC114812. We found that 
the expression levels of IL-6 and IL-1β were lower than those in the group without lncRNA AC114812 knockdown 
subjected to LPS inflammatory stimulation (Figures 4F–I). Knocking down lncRNA AC114812 resulted in a significant 

Figure 3 Functional enrichment analysis of lncRNA in periodontitis (A). KEGG analysis diagram of lncRNAs with differential expression; (B). GO analysis diagram of 
lncRNAs with differential expression.
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Figure 4 The role played by regulating lncRNA AC114812 expression under inflammatory conditions (A). Verification results of lncRNA AC114812 expression levels in gingival 
tissues: N represents the healthy control group; CP represents the chronic periodontitis patient group. The CP group was approximately 1.90 times higher than the N group (P = 
0.0468). (B–D). Verification results of lncRNA AC114812, IL-6, and IL-1β expression levels in PDLCs under inflammatory conditions. C represents the control group; LPS 
represents the periodontitis modeling group. lncRNA AC114812: LPS group was approximately 2.59 times higher than the C group (P = 0.0076). IL-1β: LPS group was 
approximately 280.33 times higher than the C group (P = 0.0002). IL-6: LPS group was approximately 10.11 times higher than the C group (P = 0.0027). (E). Two si-AC114812 
constructs, si-1 and si-2, were constructed. The knockdown efficiency was verified via qRT-PCR. The transduction efficiency of si-1 group was approximately 80.67% (P = 0.0033). 
The transduction efficiency of si-2 group was approximately76.20% (P = 0.0003). For subsequent experiments, si-1 was selected. (F–I) qRT-PCR was used to verify the expression 
levels of the lncRNA AC114812, IL-6, and IL-1β. NC represents the control group, NCL represents the NC + LPS group, si-A represents the si-AC114812 group and AL 
represents the si-AC114812 + LPS group. lncRNA AC114812:NCL group was approximately 1.73 times higher than NC group (P = 0.0415). AL group was approximately 3.57 
times lower than NCL group (P = 0.0036). IL-1β: NCL group was approximately 33.06 times higher than NC group (P = 0.0040). AL group was approximately 12.82 times lower 
than NCL group (P = 0.0051). IL-6: NCL group was approximately 805.18 times higher than NC group (P = 0.0030). AL group was approximately 394.38 times lower than NCL 
group (P = 0.0030). Compared with si-A group, there was no statistically significant difference in the expression levels of IL-1β and IL-6 in the NC group. (J and K). The MTT assay 
results show the cell proliferation status of the three groups at 6 h, 12 h, 24 h, and 48 h. (L and M). Wound healing assay results showing the migration ability of the three groups 
at 24 h.The results are presented as the means ± standard deviations. The scale is 500 μm. (ns p >0.05, *p <0.05, **p <0.01, ***p <0.001, ****p <0.0001).
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increase in cell survival rate and enhanced proliferation ability 12 hours later. By observing the proliferation of PDLCs at 
24 h under LPS stimulation, we found that under inflammatory conditions, the survival rate of cells that had the lncRNA 
AC114812 knocked down was higher compared to those without the knockdown. (Figures 4J and K). At 24 h, the 
migration rate of the cells was observed. Compared with LPS stimulation alone, the knockdown of lncRNA AC114812 
significantly increased the migration rate (Figures 4L and M). These data indicate that PDLCs with knocked down 
lncRNA AC114812 can significantly resist the increase in inflammatory levels caused by LPS and can also improve the 
inhibition of cells caused by LPS and reduce the migration rate.

The lncRNA AC114812-miR-181a-5p-SPP1 Axis May Play a Role in Periodontitis
FISH and nuclear-cytoplasmic separation experiments confirmed that the lncRNA AC114812 was expressed mainly in 
the cytoplasm (Figures 5A and B). We hypothesized that the lncRNA AC114812 mightact as a ceRNA by binding to 
miRNAs and further competing with mRNAs. Using the databases miRanda 3.3a (https://www.bioinformatics.com.cn/ 
local_miranda_miRNA_target_prediction_120) and TargetScan databases (https://www.targetscan.org/vert_61/) 
(Figures 5C and D). miR-181a-5p is a downstream candidate target of the lncRNA AC114812, and its expression is 
different in periodontitis, with a decrease; SPP1 is a downstream candidate target of miR-181a-5p, and its expression is 
different in periodontitis, with an increase. Through qRT-PCR, the expression levels of miR-181a-5p and SPP1 at the 
tissue and cellular levels were confirmed to be consistent with the predicted results (Figures 6A–D).

lncRNAs AC114812, miR-181a-5p and SPP1 Have Binding Sites
We constructed luciferase reporter constructs containing the wild-type (AC114812-WT) or mutant (AC114812-MUT) 
target sites of the lncRNA AC114812 to further determine whether miR-181a-5p could bind to the lncRNA AC114812. 
The overexpression of miR-181a-5p in PDLCs significantly inhibited the activity of the AC114812-WT reporter 
construction, whereas the AC114812-MUT reporter construction was unaffected (Figures 7A–C). We subsequently 
constructed luciferase reporter constructs containing the wild-type (SPP1-WT) or mutant (SPP1-MUT) target sites of 
SPP1 to further determine whether miR-181a-5p could bind to SPP1. The results revealed that the overexpression of 
miR-181a-5p in PDLCs significantly inhibited the activity of the SPP1-WT reporter construct, whereas the SPP1-MUT 
reporter construction was unaffected (Figures 7A–D). Additionally, the qRT-PCR results confirmed the ability of the 
miR-181a-5p mimics to transfect PDLCs (Figure 7B).

Discussion
With the rapid development of high-throughput sequencing, current sequencing technology has become increasingly 
mature. By conducting whole transcriptome sequencing and database analysis to identify the differential expression of 
lncRNAs in periodontitis patients and healthy individuals, and combining related pathway and functional enrichment 
analysis, the role and regulatory pathways of lncRNAs in the pathogenesis of periodontitis have been explored. This has 
advanced research on periodontitis and provided a new strategy for precise diagnosis and targeted treatment.

In this study, to explore the regulatory role of lncRNAs in periodontitis, the characteristics of lncRNAs in three pairs 
of gingival tissues from periodontitis patients and healthy controls were investigated through lncRNA whole- 
transcriptome analysis. We focused on the lncRNA AC114812, which is abnormally expressed, upregulated, highly 
uniform, and interacts with mRNAs, to further verify its role in periodontitis. At present, there are very few studies on 
lncRNA AC114812 in the field of periodontitis. However, the mRNA that interacted with lncRNA AC114812 and was 
screened from the sequencing data includes UGT1A1, UGT1A6, UGT1A7, etc. These mRNAs belong to the family of 
glucuronosyltransferase members A and their gene loci. The KEGG and GO analyses revealed that they have related 
functions with steroid hormones and drug metabolism. Gingival tissues are among the target organs of steroid hormones, 
and steroid hormones play important roles in inflammation, immunity, and bone metabolism.39,40 Therefore, exploring 
the regulatory role of the lncRNA AC114812 in periodontitis is important, as it may be involved in the regulation of 
inflammation and bone remodeling in periodontitis.

The results revealed that the lncRNA AC114812 was highly expressed in the gingival tissues of periodontitis patients. 
The results of in vitro experiments indicated that the knockdown of lncRNA AC114812 in PDLCs significantly improved 
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the proliferation inhibition and elevated inflammatory levels caused by inflammation. For the treatment of periodontitis, 
maintaining the active proliferation ability and anti-inflammatory and anti-inflammatory effects of PDLCs is crucial.41 In 
the pathogenesis of periodontitis, IL-1β and IL-6 act as key pro-inflammatory cytokines, constituting the core molecular 

Figure 5 lncRNA AC114812-miR-181a-5p-SPP1 axis may play a role in periodontitis. (A). FISH experiment: U6 is the nuclear reference, GAPDH is the cytoplasmic 
reference, DAPI is blue, and the probe is red; (B). qRT-PCR results after the nuclear-cytoplasmic separation experiment; pink represents the cytoplasmic proportion, black 
represents the nuclear proportion; (C). miRNAs with binding sites for lncRNA AC114812 screened from the database, with a final focus on miR-181a-5p; (D). Downstream 
target genes of miR-181a-5p screened from the database compared with sequencing data, with a focus on SPP1.
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basis for the destruction of periodontal tissues.42 When pathogenic microorganisms (such as P.g) and their toxic 
components (such as LPS) in the plaque biofilm invade the gingival tissue, they activate the pattern recognition receptors 
of the host immune system, triggering a series of intracellular signaling pathways, ultimately leading to excessive 
production of pro-inflammatory cytokines.43,44 IL-1β and IL-6 not only serve as key effector molecules in the 
pathological process of periodontitis, but their detection concentrations also become important biomarkers for disease 
diagnosis, activity assessment, and prognosis judgment.45 Compared to traditional clinical indicators (such as probing 
depth and bleeding index), these molecular markers can provide more objective and earlier disease information. The 

Figure 6 miR-181a-5p and SPP1 expression levels in periodontitis.(A and B). qRT-PCR verification of miR-181a-5p and SPP1 expression levels in PDLCs; miR-181a-5p: LPS 
group was approximately 1.85 times lower than the C group (P = 0.0148). SPP1: LPS group was approximately 5.63 times lower than the C group (P = 0.0285). (C and D). 
qRT-PCR verification of miR-181a-5p and SPP1 expression levels in tissues. miR-181a-5p: The CP group was approximately 2.67 times lower than the N group (P = 0.0371). 
SPP1: The CP group was approximately 5.67 times higher than the N group (P = 0.0030). The results are expressed as the means ± standard deviations (*p <0.05, **p <0.01).

Figure 7 There are binding sites among the lncRNAs AC114812-miR-181a-5p and SPP1. (A). Wildtype and mutant plasmids were constructed based on the predicted sites 
according to the design. The red highlighted positions represent the binding sites of miR-181a-5p with the wild type and the mutated base sites in the mutant type. (B). 
A miR-181a-5p mimic was constructed and verified via qRT-PCR; The 181M group was approximately1494.37 times higher than NM group (P = 0.0143). (C and D). The 
results of dual-luciferase gene reporter assays. The results are presented as the means ± standard deviations (ns p >0.05, *p < 0.05, **p < 0.01, ***p < 0.001).
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research results in this study found that simply knocking down lncRNA AC114812 had no significant change migration 
rate and in inflammatory factors IL-1β and IL-6, but had a significant effect on cell proliferation. This phenomenon might 
be due to the fact that knocking down the gene may have inhibited the signaling pathways necessary for cell migration, 
but it did not affect or even promoted the cell’s proliferation ability. The cells proliferated abundantly near the scratch 
edge, but because of the impaired migration ability, they were unable to effectively fill the blank area of the scratch.46 

Interestingly, knocking down lncRNA AC114812 in LPS-stimulated periodontal ligament cells could significantly 
improve proliferation inhibition caused by inflammation and the increase in inflammatory factors IL-1β and IL-6 levels. 
Knocking down lncRNA AC114812 can reduce the expression of inflammatory factors, enhance proliferation to resist 
proliferation inhibition caused by inflammation and the migration rate inhibited by inflammation. This phenomenon is 
speculated to be related to non-classical inflammatory pathways.47 The lncRNA AC114812, as an inflammation-related 
gene, may affect cell proliferation and migration in a resting state through non-inflammatory pathways, without relying 
on cytokine secretion. It triggers a feedback compensatory mechanism, and after knocking down lncRNA AC114812, 
other pathways (such as growth factor receptor signaling) are compensatory activated, but do not reach the threshold to 
trigger an inflammatory response.48 Thus, it avoids the imbalance of the basal homeostasis. The results indicate that 
lncRNA AC114812 is expected to become a new target for the treatment of periodontitis, providing a new idea for the 
treatment of periodontitis.

The localization of lncRNA is related to its functional expression. In the nucleus, it mainly plays roles in epigenetic 
regulation, transcriptional regulation, etc. While in the cytoplasm, it mainly regulates the stability and translation of 
mRNA, including the ceRNA mechanism and direct binding to mRNA.49 In this study, through FISH and nuclear- 
cytoplasm separation experiments, it was found that lncRNA AC114812 is in the cytoplasm of periodontal ligament cells. 
We hypothesize that lncRNA AC114812 may function as a sponge for miRNA, and further explore its sponge effect.

Through database and sequencing data, it was predicted that the lncRNA AC114812 has binding sites for miR-181a- 
5p. It has been reported that miR-181a-5p is bound by multiple noncoding RNAs and is a potential biomarker in 
periodontitis. Its expression level in periodontitis is not exact, but it is closely related to the inflammatory response.50–57 

Recent studies have shown that miR-181a-5p plays a role in periodontitis through its ability to sponge lncRNAs. The 
lncRNA SPIRE1 is involved in the JAK/STAT17 pathway in mandibular bone marrow mesenchymal stem cells and 
regulates the Th3/Treg immune balance in periodontitis through the SPIRE1-miR-181a-5p/PRLR axis, and miR-181a-5p 
regulates the expression of PRLR, thereby affecting the activity of the JAK/STAT3 signaling pathway and ultimately 
regulating the Th17/Treg balance, thereby influencing the inflammatory response in periodontitis.52 In this study, we 
verified that miR-181a-5p was downregulated in periodontitis and that the lncRNA AC114812 might negatively regulate 
the expression of miR-181a-5p. This finding was further confirmed by a dual-luciferase gene reporter assay.

SPP1 is the gene encoding osteopontin (OPN), also known as secreted phosphoprotein 1. The protein encoded by this 
gene participates in the attachment of osteoclasts to the mineralized bone matrix, which is a key step in bone resorption. 
The encoded protein is secreted and binds to hydroxyapatite with high affinity. The osteopontin receptor is present on the 
cell membrane and may participate in binding with this protein. This protein is also a cytokine that can upregulate the 
expression of interferon-γ and interleukin-12, thereby promoting the occurrence of inflammation.58,59 Moreover, the 
expression and localization of this protein in alveolar bone are obvious, and it regulates the development and miner
alization of alveolar bone60–62 In this study, through database prediction, it was predicted that miR-181a-5p might have 
binding sites with SPP1 and that there might be a targeting relationship between them. Many studies have shown that 
miR-181a-5p targets multiple bone-related genes downstream,63 such as miR-181a-5p, which targets DDX3X through 
the NF-κB signaling pathway to inhibit the progression of osteoarthritis. CircPVT1 is upregulated by regulating the 
Smad7/TGFβ signaling pathway via miR-21-5p to alleviate steroid-induced femoral head osteonecrosis, etc.64,65 The 
upregulation of SPP1 in periodontitis was verified in gingival tissues and cells, and the possible targeting relationship 
was further confirmed via a dual-luciferase gene reporter assay. miR-181a-5p might negatively regulate the expression of 
SPP1. Thus, we concluded that the lncRNA AC114812 might regulate the occurrence and development of periodontitis 
through the miR-181a-5p/SPP1 axis and might play an important role in bone metabolism.

The ceRNA mechanism involves more than one molecule, and its dynamic changes can better reflect the immune 
status and bone metabolism imbalance of periodontitis.66 It plays an important role in dynamic monitoring and 
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recurrence warning.67 Exploring the role of the lncRNA AC114812-miR-181a-5p-SPP1 axis in periodontitis and jointly 
detecting gene changes can improve diagnostic accuracy and further significance for recurrence prediction.

The limitations of the study lie in the fact that only the binding sites of lncRNA AC114812/miR-181a-5p/SPP1 axis were 
verified. In the future, downstream target gene rescue experiments and experiments to verify the role of bone metabolism will be 
conducted to further prove the role of lncRNA AC114812 in periodontitis through the miR-181a-5p/SPP1 axis. The downstream 
targets of lncRNA AC114812 may not be limited to the miR-181a-5p/SPP1 axis, and further research is needed to explore other 
downstream targets of lncRNA AC114812 to better understand the role of lncRNA AC114812 in the pathogenesis of 
periodontitis. In addition, in further experiments, in vivo studies should be conducted to verify the results of in vitro studies. 
At the same time, the whole transcriptome sequencing only used 3 pairs of samples, which may lead to a high false positive rate 
in the screening of differentially expressed genes. The subsequent verification experiments were expanded to 10 pairs, but the 
statistical power was still limited, and there were certain limitations in the verification of the expression level of this gene. The 
results of this study indicate that knocking down lncRNA AC114812 can improve the inflammatory level induced by 
lipopolysaccharide and inhibit the proliferation of periodontal ligament cells in chronic periodontitis. Mechanistically, the 
lncRNA AC114812/miR-181a-5p/SPP1 axis may provide a basis for periodontal treatment based on lncRNA AC114812.

Conclusion
By regulating the expression of long non-coding RNA AC114812, the inflammatory response can be alleviated, thereby 
affecting cell proliferation and migration. This effect may be achieved through the miR-181a-5p-SPP1 axis. But more 
experiments are needed for further verification. These provide new strategies and intervention targets for the prevention 
and treatment of periodontal diseases.
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