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Abstract
Background and Objective: Long non-coding RNAs (lncRNAs) can act as competing 
endogenous RNAs (ceRNAs) to compete for micro-RNAs (miRNAs) in regulation of 
downstream genes, various biological functions and diseases. Yet, the expression and 
regulation of lncRNAs in periodontitis are not fully understood. The objective of the 
study was to identify potential genes (lncRNA, messenger RNA [mRNA] and miRNA) 
involved in periodontitis, construct lncRNA-miRNA-mRNA ceRNA networks, explore 
gene functions and validate gene expressions.
Material and Methods: The data sets for the lncRNA, mRNA and miRNA expression 
profiles in gingival samples from periodontally healthy subjects and chronic perio-
dontitis patients were obtained from the Gene Expression Omnibus. The differen-
tially expressed lncRNAs (DElncRNAs), mRNAs (DEmRNAs) and miRNAs (DEmiRNAs) 
were identified, and ceRNA networks were then constructed. The expression of 
DElncRNAs and DEmRNAs was examined by quantitative real-time polymerase chain 
reaction (qPCR). Moreover, Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes pathway enrichment analyses were performed for exploring the poten-
tial functions and biological pathways.
Results: The GSE80715 and GSE54710 data sets were retrieved. Subsequently, 26 
DElncRNAs, 436 DEmRNAs and 12 DEmiRNAs were identified (|fold change| ≥2, 
adjusted p  <  0.05). Further bioinformatics analysis contributed to establishment 
of the ceRNA networks, which consisted of 10 DElncRNAs, 11 DEmiRNAs and 83 
DEmRNAs. Notably, the qPCR results showed a marked decrease in the expression of 
lncRNA H19 and two mRNAs (NOS1 and MAPT) which further supported the identi-
fied ceRNA network. The GO results revealed that the up-regulated mRNAs were 
significantly enriched in inflammatory processes, whilst the down-regulated mRNAs 
were enriched in cellular potentials.
Conclusion: Non-coding RNAs are critically involved in the regulatory mechanisms in 
the pathogenesis of periodontitis. Further study is warranted to investigate the spe-
cific underlying genetic traits and networks.
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1  |  INTRODUC TION

Periodontitis is a common inflammatory disease of tooth-supporting 
tissues worldwide that is associated with biofilms, and it leads to 
progressive destruction of periodontium and eventual tooth loss.1 
Yet, periodontitis is closely associated with a variety of systemic 
diseases and disorders (eg, diabetes mellitus, cardiovascular disease 
and Alzheimer's disease) and thus poses serious risks to general 
health and well-being.2-4

The  gingiva plays an important role as a mechanical  and bio-
logical barrier  against invading pathogens and maintains effective 
innate immune responses for tissue homeostasis and periodon-
tal health.5 Initially, the inflammation is limited to localised gingival 
tissues, whilst persistent and dysregulated immuno-inflammatory 
responses crucially account for destruction of the entire periodon-
tium.6 It is important to note that the pathogenesis of periodontitis 
can be significantly modulated by genetic and epigenetic factors via 
a pathogen-induced host immune response.7

RNA is the most versatile biomolecule and is generally classi-
fied as protein-coding (coding) or non-protein-coding (non-coding) 
RNA.8 Non-coding RNAs are not translated into proteins but typ-
ically regulate gene expression. They can be further subdivided 
into two major groups based on length: short non-coding RNAs 
and long non-coding RNAs (lncRNAs). MicroRNAs (miRNAs), with 
a length of 20 to 23 nucleotides, are short non-coding RNAs and 
function as post-transcriptional repressors by binding to messen-
ger RNA (mRNA), which results in the silencing of a specific target 
gene.9 Several microarray studies have reported that miRNAs are 
differentially expressed in healthy gingiva and in gingiva with peri-
odontitis, which indicates that miRNAs play critical roles in peri-
odontal homeostasis and pathology of the gingival tissues.10,11

LncRNAs, which have received increasing attention in recent 
years, are a large and diverse class of transcribed RNA molecules 
of more than 200 nucleotides in length. They are reported to be 
associated with the pathogenesis of various diseases and have the 
capacity to regulate gene expression at the transcriptional and 
post-transcriptional levels.12 An accumulating body of evidence in-
dicates that lncRNAs are differentially expressed in gingival tissues 
from periodontally healthy patients and from those with periodon-
titis, which indicates the crucial roles of lncRNAs in the pathogen-
esis of periodontitis.13-16 It has also been reported that lncRNA 
can be a genetic risk factor for periodontitis.17 In addition to reg-
ulating mRNAs via independent mechanisms, lncRNAs can act as 
competing endogenous RNAs (ceRNAs) by competitively binding 
to miRNAs via miRNA response elements, thereby attenuating the 
down-regulation of mRNA expression by miRNA and indirectly reg-
ulating mRNA expression.18 LncRNA-mediated ceRNA interactions 
have been identified in various cancers and inflammatory diseases.18 

However, similar studies on periodontitis are rare, and a comprehen-
sive analysis of lncRNAs and miRNAs related to the pathogenesis of 
periodontitis is still lacking.

This bioinformatics study aimed to identify differentially expressed 
lncRNAs, mRNAs and miRNAs between healthy gingival tissues and 
those with chronic periodontitis, explore their functions, construct 
lncRNA-miRNA-mRNA ceRNA networks and validated genes of inter-
est using quantitative real-time polymerase chain reaction (qPCR).

2  |  MATERIAL S AND METHODS

2.1  |  Acquisition and processing of data sets

To identify coding and non-coding RNAs that potentially involved in 
the pathogenesis of periodontitis, the periodontitis data sets were 
searched within the data sets registered in the Gene Expression 
Omnibus (GEO) of the NCBI (www.ncbi.nlm.nih.gov/geo/). The data 
sets comprising the expression of mRNA and lncRNA or miRNA 
in gingival samples from patients with chronic periodontitis (the 
diseased group) and in gingival samples from healthy individu-
als (the control group) were obtained. RNA sequencing (RNA-seq) 
is suggested to have advantages over traditional microarrays, as 
it provides more comprehensive information about the transcript 
characteristics and is not limited to the known genes on the micro-
array.19 Therefore, RNA-seq data sets were prioritised for this study.

The data set GSE80715, which is the only RNA-seq data set that 
contains both mRNA and lncRNA expression profiles, was obtained. 
It comprised one mixed healthy sample from 10 healthy gingival tis-
sues from nine periodontally healthy patients and one mixed diseased 
sample from 10 diseased periodontal tissues from seven patients 
with chronic periodontitis. The diseased sites had a probing depth 
(PD) ≥4 mm, a clinical attachment level (CAL) ≥4 mm and bleeding on 
probing (BOP). The expression profile was obtained from the Illumina 
HiSeq 2000 platform. The miRNA expression data were derived from 
GSE54710. The data set comprised 200 gingival tissue samples from 
86 patients with aggressive or chronic periodontitis. Of the 200 sam-
ples, 128 (98 diseased and 30 healthy sites) were from patients with 
chronic periodontitis, and 72 (61 diseased and 11 healthy sites) were 
from patients with aggressive periodontitis. All diseased sites had a PD 
>4 mm, CAL ≥3 mm and BOP. The miRNA expression profile was ob-
tained from the Agilent Human microRNA microarray (v16.0) platform.

2.2  |  Differential analysis

Differential gene analyses were carried out using the Linear Models 
for Microarray (limma) package of the R software. For the GSE80715 
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RNA-seq data, the differentially expressed genes were re-annotated 
and classified into protein-coding genes (DEmRNAs) and non-coding 
genes (DElncRNAs) according to the Genecode database (https://
www.genco​degen​es.org/). Only samples from patients with chronic 
periodontitis in the GSE54710 data set were included in the analy-
sis. Differentially expressed miRNAs were identified between the 
diseased and healthy groups. MiRNAs with a |fold change| ≥2 and 
an adjusted P value <0.05 were considered to be significantly ex-
pressed (DEmiRNAs).

2.3  |  Prediction of lncRNA-miRNA-mRNA 
interactions and construction of ceRNA networks

The sequences of the DEmiRNAs were acquired from miRBase 
(www.mirba​se.org). The interactions between mRNA-miRNA and 
lncRNA-miRNA were then predicted with miRanda (http://www.
micro​rna.org/). The predicted mRNAs and lncRNAs that overlapped 
in the DEmRNAs and DElncRNAs were selected to construct the 
lncRNA-miRNA-mRNA ceRNA network with the Cytoscape soft-
ware (v3.7.2; www.cytos​cape.org).

2.4  |  Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) 
functional enrichment analyses

To explore the biological functions of DEmRNAs and DElncRNAs 
in the ceRNA network, GO and KEGG pathway analyses were per-
formed using the R package ClusterProfiler.20 GO was performed 
to analyse the main function of the differentially expressed genes. 
Pathway analysis was performed to determine the significant bio-
logical pathways of the differential genes according to the KEGG 
database. A Benjamini-Hochberg adjusted P value of 0.05 was set as 
the cut-off value for significance.

2.5  |  Validation of DEmRNAs and DElncRNAs 
by qPCR

Human gingival tissue samples were collected from three healthy 
individuals and three patients with chronic periodontitis. All sub-
jects were systemically healthy, non-smoking adults (age ≥18 years). 
Healthy sites were defined as those with no periodontal inflamma-
tion, no BOP, no attachment loss and a PD ≤3 mm. The sites with 
chronic periodontitis had a PD ≥4 mm, CAL ≥3 mm and BOP. The 
gingival specimens (approximately 2 × 2 mm) were obtained from 
the marginal gingiva during periodontal flap surgery, rinsed with 
phosphate-buffered saline solution, immediately stored in RNA-later 
solution (Thermo Fisher Scientific, Waltham, USA) overnight at 4°C 
and thereafter stored at −80°C for subsequent RNA isolation. Total 
RNA was extracted using the RNeasy Cell Mini Kit (Qiagen, Hilden, 

Germany) according to the manufacturer's instructions, and 1 μg of 
total RNA isolated from each sample was reverse-transcribed into 
cDNA using Superscript III Reverse Transcriptase (Thermo Fisher 
Scientific). The primers of the target genes were designed with NCBI 
Primer-BLAST and are listed in Table S1. qPCR was carried out using 
the Step One Real-Time PCR System (Applied Biosystems, Grand 
Island, NY) with SYBR Green Master Mix (Applied Biosystems). The 
target gene copy numbers were normalised against the endogenous 
housekeeping gene glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH).

3  |  RESULTS

3.1  |  Identification of DElncRNAs, DEmRNAs and 
DEmiRNAs in periodontitis

A flow chart of the construction of the ceRNA network is shown 
in Figure  1. In data set GSE80715, 436 mRNAs and 26 lncRNAs 
were identified as being differentially expressed with a |fold change| 
≥2 and an adjusted P value <0.05. Specifically, 379 mRNAs and 21 
lncRNAs were up-regulated, whilst 57 mRNAs and 5 lncRNAs were 
down-regulated in gingival tissues with chronic periodontitis rela-
tive to normal tissues. The top five up-regulated and top five down-
regulated mRNAs and lncRNAs are shown in Table 1. The full list of 
differentially expressed mRNAs and lncRNAs is shown in Tables S2 
and S3.

The data set GSE54710, which contained the miRNA expres-
sion profiles of healthy gingival tissue and gingival tissue with peri-
odontitis, was obtained. Specifically, 71 gingival samples (18 healthy 
and 53 with chronic periodontitis) were included in the subsequent 
analysis. The results of differential analysis showed that six miR-
NAs (hsa-miR-451, hsa-miR-486-5p, hsa-miR-575, hsa-miR-4299, 
hsa-miR-4306 and hsa-miR-3917) were up-regulated and six miR-
NAs (hsa-miR-141, hsa-miR-210, hsa-miR-1246, hsa-miR-1260, hsa-
miR-205 and hsa-miR-1260b) were down-regulated in the diseased 
gingival tissues relative to the normal tissues (|fold change| ≥2 and 
adjusted P value <0.05) (Table  2). A volcano plot which visually 
demonstrate the distribution of differentially expressed miRNAs 
was shown in Figure S1.

3.2  |  Construction of ceRNA networks

Interactions between mRNA-miRNA and lncRNA-miRNA were ob-
tained with miRanda. Target mRNAs or lncRNAs that overlapped 
with the 436 DEmRNAs or 26 DElncRNAs were selected. Table 2 
shows the predicted DElncRNA-DEmiRNA-DEmRNA relationships. 
Finally, the lncRNA-miRNA-mRNA ceRNA networks consisted of 
11 miRNAs (6 down-regulated and 5 up-regulated), 10 lncRNAs (2 
down-regulated and 8 up-regulated) and 83 mRNAs (76 up-regulated 
and 7 down-regulated) (Figure 2).

https://www.gencodegenes.org/
https://www.gencodegenes.org/
http://www.mirbase.org
http://www.microrna.org/
http://www.microrna.org/
http://www.cytoscape.org
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3.3  |  GO and KEGG pathway enrichment 
analyses of DEmRNAs

3.3.1  |  DEmRNAs in GSE 80715

GO and KEGG pathway enrichment analyses were performed on 436 
DEmRNAs in the GSE80715 data set. The GO results showed that 
DEmRNAs were enriched in all three aspects: biological process (BP), 
molecular function (MF) and cellular component (CC). In total, 126 BP, 
11 CC and 22 MF items showed significant enrichment (P adjusted 
<0.05). In these three GO function domains, the humoral immune 
responses mediated by circulating immunoglobulin (GO:0002455, P 
adjusted = 8.37 × 10−119) and complement activation (GO:0006956, P 
adjusted = 4.47 × 10−118) were the most enriched terms of BP; the im-
munoglobulin complex (GO:0019814, P adjusted = 1.87 × 10−171) was 
the most enriched term of CC; and antigen binding (GO:0003823, P 
adjusted = 3.29 × 10−105) was the most enriched term of MF. In the 
KEGG pathway analysis, 22 pathways were found to be significantly 
enriched (P adjusted <0.05). Specifically, cytokine-cytokine receptor 
interaction (hsa04060), tumour necrosis factor (TNF) signalling path-
way (hsa04668) and interleukin (IL)-17 signalling pathway (hsa04657) 
were the most enriched pathways. The top enriched GO and top 10 
KEGG pathways are shown in Figure 3A,B.

3.3.2  |  DEmRNAs in the ceRNA network

To further clarify the dysregulated ceRNA networks and reveal the 
potential role of DElncRNAs in patients with periodontitis, GO and 

KEGG pathway enrichment analyses were performed on the 83 
DEmRNAs (76 up-regulated and 7 down-regulated) in the networks.

The 76 up-regulated mRNAs were significantly enriched in 53 
BP, 5 CC and 9 MF GO terms. Specifically, leukocyte migration 
(GO:0050900, P adjusted <0.001) and acute inflammatory re-
sponses (GO:0002526, P adjusted =0.002) were the most enriched 
terms of BP, membrane raft (GO:0045121, P adjusted =0.002) was 
the most enriched term of CC, and cytokine activity (GO:0005125, 
P adjusted =0.007) was the most enriched term of MF. The 7 down-
regulated mRNAs were significantly enriched in 5 BP and 45 CC GO 
terms. Specifically, central nervous system neuron differentiation 
(GO:0021953, P adjusted =0.014), regulation of osteoblast prolifer-
ation (GO:0033688, P adjusted =0.014) and osteoblast proliferation 
(GO:0033687, P adjusted =0.014) were the most enriched terms of 
BP, and dendritic spine (GO:0043197, P adjusted <0.001) was the 
most enriched term of CC. The top enriched GO terms are shown 
in Figure 3C,D. In the KEGG pathway analysis, the 76 up-regulated 
mRNAs were found to be enriched in 10 pathways, which are shown 
in Figure  S2. The down-regulated mRNAs were only enriched in 
Alzheimer disease (hsa05010).

3.4  |  Expression levels of 
DElncRNAs and DEmRNAs

Gingival tissue specimens were obtained from three healthy sub-
jects (one male and two female, mean age, 31.33 ± 4.64 years) and 
three patients with chronic periodontitis (one male and two fe-
male, mean age, 33.67 ± 6.80 years). We selected three DEmRNAs 

F I G U R E  1  Flow chart of the 
construction of ceRNA networks
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[nitric oxide synthase 1 (NOS1), microtubule-associated protein 
tau (MAPT) and ISL LIM homeobox 2 (ISL2)] and six DElncRNAs 
(H19, RP11-290L1.3, RP11-492E3.2, RP11-731F5.2, KIAA0125 
and AC096579.13) of interest and examined their expression with 
qPCR. The expressions of NOS1 and MAPT were significantly 
down-regulated in the periodontitis group, which was consistent 
with the RNA-seq results of GSE80715. Regarding the lncRNAs, 
our results showed that the expression of H19 was significantly 
down-regulated, and the expressions of RP11-290L1.3 and RP11-
492E3.2 were up-regulated in the periodontitis group, which was 
consistent with the RNA-seq results of GSE80715. However, no 
statistically significant difference was found in the expressions of 
ISL2, AC096579.13, KIAA0125 and RP11-731F5.2 between the 
healthy group and the periodontitis group. The qPCR results were 
shown in Figure 4.

4  |  DISCUSSION

Periodontitis is a multifactorial and complex inflammatory disease 
characterised by progressive destruction of tooth-supporting tis-
sues, including gingiva, periodontal ligament, cementum and alveolar 

bone. Evidence suggests that epigenetic processes participate in the 
pathogenesis and progression of periodontitis via regulation of the 
pathogen-induced host immune response, because microbiome in-
fection alters the expression of non-coding RNAs.7,13,21 Non-coding 
RNAs, such as lncRNAs and miRNAs, function to regulate gene 
expression at transcriptional, post-transcriptional and epigenetic 
levels.8,9,12 To better understand the potential pathogenic mecha-
nisms of periodontitis, it is crucial to elucidate the role of non-coding 
RNAs in periodontitis. This study analysed differentially expressed 
lncRNAs, mRNAs and miRNAs in gingival tissue from patients with 
chronic periodontitis, explored their functions, elucidated their in-
teractions by constructing ceRNA networks and validated several 
DElncRNAs and DEmRNAs of interest by qPCR.

After re-annotation of GSE80715, 436 mRNAs and 26 ln-
cRNAs were identified as being differentially expressed. Among the 
DEmRNAs, 379 were up-regulated and 57 were down-regulated in 
diseased gingival tissues relative to normal tissues. The top five up-
regulated mRNAs were CSF3, MAFA, complement receptor (CR) 2, 
immunoglobulin kappa variable 2D-24 (IGKV2D-24) and immuno-
globulin heavy constant mu (IGHM). CSF3, also known as granulocyte-
colony stimulating factor, is a key regulator of granulopoiesis and can 
be generated by many cell types upon pro-inflammatory stimuli such 

Ensemble ID Gene symbol Log2 (fold change)
Adjusted 
P value

Up-regulated mRNAs

ENSG00000108342 CSF3 7.50 5.85E-21

ENSG00000182759 MAFA 7.30 8.19E-09

ENSG00000117322 CR2 6.12 1.53E-07

ENSG00000241566 IGKV2D-24 6.00 1.06E-08

ENSG00000211899 IGHM 5.68 2.18E-15

Down-regulated mRNAs

ENSG00000165953 SERPINA12 −6.03 1.30E-04

ENSG00000102891 MT4 −5.75 5.45E-04

ENSG00000172867 KRT2 −5.45 5.41E-15

ENSG00000134765 DSC1 −4.48 3.61E-11

ENSG00000204538 PSORS1C2 −4.44 7.22E-06

Up-regulated lncRNAs

ENSG00000240666 MME-AS1 38.83 2.05E-09

ENSG00000227619 RP11-492E3.2 19.91 2.24E-04

ENSG00000240040 AC096579.13 19.87 6.25E-11

ENSG00000226777 KIAA0125 15.46 2.21E-04

ENSG00000253364 RP11-731F5.2 14.96 1.50E-09

Down-regulated lncRNAs

ENSG00000130600 H19 0.02 3.95E-15

ENSG00000263698 RP11-408H20.3 0.04 1.09E-09

ENSG00000265888 RP11-408H20.2 0.05 3.47E-06

ENSG00000261786 RP4-555D20.2 0.11 3.55E-04

ENSG00000246100 LINC00900 0.14 2.30E-04

Abbreviations: lncRNA, long non-coding RNA; mRNA, messenger RNA.

TA B L E  1  Top up-regulated and down-
regulated mRNAs and lncRNAs identified 
from GSE80715
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as TNF or lipopolysaccharide. It plays a critical role in the host re-
sponse to infection, which has potential implications for inflamma-
tory and autoimmune diseases.22 Offenbacher et al.23 reported that 

CSF3 was associated with host-bacteria interaction, and its expres-
sion increased significantly during induction of gingivitis. MAFA, a 
member of the large MAF family of transcription factors that contain 

TA B L E  2  Differentially expressed miRNAs identified from GSE54710 and their DElncRNA and DEmRNA targets in GSE80715

DEmiRNAs
Log2(fold 
change)

Adjusted P 
value DElncRNA targets DEmRNA targets

Up-regulation

hsa-miR−451 1.82 2.08E−04 N/A N/A

hsa-miR−486-5p 1.60 1.78E−03 H19 NOS1

hsa-miR−575 1.13 6.80E−03 RP4-555D20.2 ISL2, MAPT, NPR3, SHISA9, SFRP1

hsa-miR−4299 1.08 8.37E−04 H19
RP4-555D20.2

FREM2, ISL2, MAPT, NOS1, SHISA9

hsa-miR−4306 1.07 2.67E−04 RP4-555D20.2 FREM2, ISL2, NOS1, NPR3, SHISA9

hsa-miR−3917 1.13 7.93E−06 RP4-555D20.2 MAPT, SFRP1

Down-regulation

hsa-miR−141 −1.19 1.88E−06 KIAA0125
SLC7A11-AS1
TRHDE-AS1

ABCA13, ADAMTS20, BIRC3, C3, CSF3R, CXCL1, 
CXCL5, FCRL5, FCRLA, FHAD1, GALNT5, GPC6, 
HAS2, HS3ST1, HS6ST2, HSD11B1, HTR7, ICAM1, 
IL1A, IL24, IL7R, ITGB3, LAMC2, MME, NCEH1, 
NRCAM, OLR1, PHLDA1, PLAC8, PPP1R15A, RGS4, 
SELE, SERPINB9, SLC12A8, SLC16A3, SLC5A1, 
SOD2, ST3GAL1, STRIP2, TINAGL1, TNIP3, TREM1, 
TRHDE, TUSC3

hsa-miR−210 −1.14 2.17E−08 KIAA0125
LIPE-AS1
RP11-270 M14.5
TRHDE-AS1

C3, CCL18, CR1, GALNT5, HS3ST1, KYNU, LYN, 
POU2AF1, RGS4, SLC12A8, SLC16A3, TMPRSS4, 
TNIP3

hsa-miR−1246 −1.18 2.57E−04 LIPE-AS1
RP11-66B24.4
SLC7A11-AS1
TRHDE-AS1

ADAM28, ADAMTS20, ALDH1A3, BIRC3, C3, CLCA4, 
CLMP, CYP24A1, HS3ST1, HSD11B1, HTR7, INHBA, 
LAX1, MME, NNMT, OLR1, PHLDA1, POU2AF1, 
SAA2, SERPINB9, SLC12A8, SLC13A5, SLC7A11, 
SOD2, STRIP2, TINAGL1, TRHDE, TUSC3, XDH

hsa-miR−1260 −1.21 7.50E−03 CTD−2369P2.8
KIAA0125
RP11-66B24.4
RP3-467 K16.2
SLC7A11-AS1
TRHDE-AS1

ALDH1A3, C3, CCDC88B, CD79A, CLMP, CR1, CSF3R, 
CXCL5, CYP4X1, DERL3, FCGR3B, FCRLA, FHAD1, 
FPR1, GPR110, GRAMD1B, HAS2, HS3ST1, ICAM1, 
IL24, INHBA, LAMC2, LAX1, LTF, LYN, MZB1, OSM, 
PLAC8, POU2AF1, PPP1R15A, RGS4, SAA1, SAA2, 
SERPINB9, SLC13A5, SLC16A3, SOCS3, SOD2, 
STRIP2, TNFRSF10C, TRHDE

hsa-miR−205* −1.08 9.34E−09 LIPE-AS1
RP11-270 M14.5
RP3-467 K16.2
SLC7A11-AS1
TRHDE-AS1

ABCA13, ADAM28, ADAMTS20, ALDH1A3, BIRC3, C3, 
CCL18, CLCA4, CLMP, CXCL1, CXCL5, CYP24A1, 
FCRL5, FPR1, GPC6, HS3ST1, HS6ST2, HSD11B1, 
HTR7, IL1A, IL7R, INHBA, ITGB3, KYNU, LAX1, LTF, 
MZB1, NCEH1, NNMT, NRCAM, OLR1, PHLDA1, 
PLAC8, SELE, SLC16A3, SLC5A1, SLC7A11, SOD2, 
ST3GAL1, STRIP2, TMPRSS4, TNFRSF10C, TNIP3, 
TREM1, TRHDE, XDH

hsa-miR−1260b −1.22 3.71E−03 CTD−2369P2.8
KIAA0125
SLC7A11-AS1
TRHDE-AS1

ALDH1A3, C3, CCDC88B, CD79A, CLMP, CR1, CSF3R, 
CXCL5, CYP4X1, DERL3, FCGR3B, FCRLA, FHAD1, 
FPR1, GPR110, GRAMD1B, HAS2, HS3ST1, ICAM1, 
IL24, INHBA, LAMC2, LAX1, LTF, LYN, MZB1, 
OSM, PLAC8, POU2AF1, PPP1R15A, RGS4, SAA1, 
SAA2, SLC13A5, SLC16A3, SOCS3, SOD2, STRIP2, 
TNFRSF10C, TRHDE

Abbreviations: DElncRNA, differentially expressed long non-coding RNA; DEmiRNA, differentially expressed microRNA; DEmRNA, differentially 
expressed messenger RNA.
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a basic-leucine zipper (b-Zip) motif, has been reported to have great 
significance in the development and maturation of beta-cells and 
glucose-responsive insulin secretion.24 CR2 can be activated and 
modulated by bacteria in the biofilm of the periodontal pocket. The 
increased activation of CR2 on B cells or follicular dendritic cells can 
stimulate the production of inflammatory mediators and up-regulate 
the immune response, which may contribute to local tissue destruc-
tion and the pathogenesis of periodontitis.25 IGKV2D-24 and IGHM 
belong to the immunoglobulin family, which has anti-inflammatory 
effects and exerts a wide range of immunoregulatory functions in 
autoimmune and inflammatory diseases.26

Based on the results of our analysis, we selected three 
DEmRNAs and six DElncRNAs of interests for further validation via 
qPCR. The expression of two mRNAs (NOS1 and MAPT) was sig-
nificantly down-regulated, in consistence with the RNA-seq results 
of GSE80715. Nitric oxide (NO) is a free radical produced from L-
arginine via a family of NO synthases (NOS). Unlike NOS2, or in-
ducible NOS (iNOS), which is involved in inflammatory processes, 
whereas NOS1, or neuronal NOS, is a constitutive NOS isoform 
that produces a low concentration of NO to function in physio-
logical homeostatic processes.27 MAPT, a neural phosphoprotein 
member of the MAP family, is an important structural element with 
functions in assembly and stabilisation of microtubules in healthy 
neurons. It has been reported to be associated with neurodegen-
erative diseases, such as Parkinson's disease and Alzheimer's dis-
ease.28 Similarly, Guzeldemi-Akcakanat et al.29 used microarray 

to detect a significant decrease in the expression of MAPT in the 
gingival tissue of patients with aggressive periodontitis. Yu et al.30 
reported MAPT as a crosstalk gene associated with peri-implantitis 
and type-2 diabetes mellitus.

The expression of six DElncRNAs (H19, RP11-290L1.3, RP11-
492E3.2, AC096579.13, KIAA0125 and RP11-731F5.2) was further 
examined by qPCR. The results suggested that the expression of 
H19 significantly decreased, whilst the expressions of RP11-290L1.3 
and RP11-492E3.2 increased, in line with the RNA-seq results of 
GSE80715.

In recent years, an increasing number of studies have reported 
that lncRNAs function as ceRNAs (miRNA ‘sponges’) via competitive 
binding to miRNAs. These lncRNAs share miRNA response elements 
with coding mRNAs, protecting them from miRNA-mediated deg-
radation. Recently, Li et al.31 reported a ceRNA network on patho-
genesis of periodontitis, which involved three lncRNAs (MALAT1, 
TUG1 and FGD5-AS1). These differences between the results of 
their and our studies may have arisen from differences in the data-
sets, analysis methods and periodontitis samples. Li et al.31did not 
report lncRNA expression data, and the identified target lncRNAs in 
the ceRNA network were based purely on predictions. In contrast, 
we retrieved lncRNA expression data from GSE80715. Moreover, Li 
et al.31 included samples of both aggressive and chronic periodon-
titis as the periodontitis group in their dataset. In contrast, we only 
included samples from patients diagnosed with chronic periodontitis 
to avoid heterogeneity among the samples.

F I G U R E  2  The lncRNA-miRNA-mRNA ceRNA networks. Red represents up-regulation, and green represents down-regulation. The 
diamonds represent miRNAs, circles represent mRNAs, and triangles represent lncRNAs. LncRNA-mRNA pairs with ≥2 shared miRNAs were 
connected by red lines

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE80715
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The top down-regulated DElncRNA, H19, which is an im-
printed maternally expressed transcript, has been implicated in 
the pathological processes of both cancers and inflammatory dis-
eases.32,33 Recently, accumulating evidence has highlighted the 
role of H19 as a ceRNA in inflammation and osteogenesis. Fang 
et al.34 found that H19 functioned as a ceRNA in the regulation of 
miR-874 and restoration of dysregulated inflammatory responses 
in lipopolysaccharide-induced sepsis. Liang et al.35 reported that 
H19 could enhance osteogenesis in vivo and in vitro by acting as a 
ceRNA to compete for binding with miR-141 and miR-22. Both of 
these miRNAs are negative regulators of osteogenesis targeting β-
catenin; hence, by competitively binding with these two miRNAs, 
H19 ultimately activated the Wnt/β-catenin pathway and promoted 
osteogenesis. In addition, research suggests that H19 could enhance 
the osteogenic differentiation of human bone marrow mesenchymal 

stem cell and bone formation via the miR-675-TGF-β1-Smad3-
HDAC signalling pathway, whereas knockdown of H19 suppresses 
these effects.36 Recently, Guo et al.37 found that H19 participates 
in periodontal inflammation by activating autophagy. However, the 
potential role of H19 as a ceRNA in periodontitis has rarely been re-
ported. We obtained the expression profile of lncRNAs from existing 
data set and predicted that H19 could bind miRNAs (miR-486-5p and 
miR-4299) to form ceRNA pairs with NOS1 and MAPT. The qPCR 
validation results of reduced H19, NOS1 and MAPT expression in 
the periodontitis group could provide further support to our pre-
diction. Regarding the other two validated differentially expressed 
lncRNAs, RP11-290L1.3 and RP11-492E3.2, existing studies suggest 
that these are differentially expressed in cancer, adenovirus infec-
tion and inflammatory bowel disease and might have implications 
in autoimmune diseases such as multiple sclerosis and rheumatoid 

F I G U R E  3  Top enriched GO annotations and KEGG pathways of DEmRNAs identified from GSE80715 and the ceRNA network. (A) Top 
enriched GO terms of 436 DEmRNAs in GSE80715. (B) Top 10 enriched KEGG pathways of 436 DEmRNAs in GSE80715. (C) Top enriched 
GO terms of 76 up-regulated mRNAs in the ceRNA network. (D) Top enriched GO terms of 7 down-regulated mRNAs in the ceRNA network. 
The horizontal axes of Figure 3A,C,D indicate the number of genes (gene count) enriched in the GO term. BP, biological process; CC, cellular 
component; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and genomes; MF, molecular function; NF-kappa B, Nuclear factor-
kappa B; TNF, tumour necrosis factor
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arthritis.38-41 However, no study has reported the relationships of 
these lncRNAs with periodontal disease.

No statistically significant difference was found in the ex-
pressions of ISL2, AC096579.13, KIAA0125 or RP11-731F5.2 
between the healthy and periodontitis groups. This lack of con-
sistency with the RNA-seq results of GSE80715 might be due 
to large individual variations and the small sample size. The gin-
gival samples used for our PCR validation differed from those 
of RNA-seq, and only three samples in each group were exam-
ined, which may not have bestowed enough power to detect 
the difference.

In terms of GO functional enrichment analysis, up-regulated 
genes in the ceRNA network were enriched in various inflammatory 
processes, including leukocyte migration and the cellular response to 
lipopolysaccharide, which further explained their roles in periodon-
tal inflammation. The down-regulated genes in the ceRNA network 
were mainly enriched in processes related to cellular potentials, such 
as neuron differentiation and osteoblast proliferation, which were 
consistent with previous studies in which cells harvested from in-
flammatory periodontal tissues were suggested to show less differ-
entiation potential than healthy cells.42,43 Last but not least, KEGG 
pathway analysis identified significant enrichment of pathways in 
periodontitis-affected gingival tissues, including cytokine-cytokine 
receptor interaction, TNF signalling pathway, IL-17 signalling path-
way and NF-kappa B signalling pathway, among others. Further vali-
dation of these pathways is needed to explore their regulation in the 
pathogenesis of chronic periodontitis.

5  |  CONCLUSIONS

The present novel findings on the differential expression of lncR-
NAs, miRNAs and mRNAs in the gingival tissue of patients with 
periodontitis suggest the essential involvement of non-coding 
RNAs and related regulatory mechanisms in the pathogenesis 
of periodontitis. The significantly down-regulated expression of 
lncRNA H19 and mRNAs (NOS1 and MAPT) provided further sup-
port to our prediction of the lncRNA-miRNA-mRNA ceRNA net-
work. Each ceRNA pair identified might be a potential candidate 
regulator of the disease, and further investigation is warranted 
to elucidate the specific underlying genetic traits and interaction 
networks.
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