
lncRNA Expression Signatures in Periodontitis Revealed by
Microarray: The Potential Role of lncRNAs in
Periodontitis Pathogenesis
Yaguang Zou,1 Chun Li,2 Fangpeng Shu,3 Zhihui Tian,1 Wenan Xu,1 Huiyong Xu,1

Hua Tian,1 Rong Shi,4* and Xiangming Mao3*
1Department of Stomatology, NanFang Hospital, Southern Medical University, Guangzhou 510515, China
2Nursing Department, NanFang Hospital, Southern Medical University, Guangzhou 510515, China
3Department of Urology, NanFang Hospital, Southern Medical University, Guangzhou 510515, China
4Institute of Genetic Engineering, Southern Medical University, Guangzhou 510515, China

ABSTRACT
Periodontitis, a common chronic inflammatory disease of the periodontium, is caused by dental plaque formation induced bymicroorganisms.
Recent studies have demonstrated that lncRNAs play a critical role in the regulation of gene expression and in the pathogenesis of diseases. To
demonstrate that periodontitis is associated with lncRNAs, microarray analysis was used to detect differently expressed lncRNAs in chronic
periodontitis and adjacent normal tissues. The results of some differently expressed lncRNAs were further confirmed using real-time PCR. A
total of 8925 differentially expressed lncRNAs were detected, including 4313 upregulated lncRNAs and 4612 downregulated lncRNAs. Further
lncRNA subgroup analysis showed there were 589 enhancer-like lncRNAs, 238 homeobox (HOX) cluster lncRNAs, and 1218 Rinn0s lincRNAs,
of which 656 lincRNAs were upregulated and 562 lincRNAs were downregulated. Therefore, we confirmed that lncRNAs were differently
expressed in chronic periodontitis tissues compared with adjacent normal tissues, indicating that lncRNAs may exert partial or key roles in
periodontitis pathogenesis and development. Taken together, this study may provide potential targets for future treatment of periodontitis and
novel diagnostic biomarkers for periodontitis. J. Cell. Biochem. 116: 640–647, 2015. © 2014 Wiley Periodicals, Inc.
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Chronic periodontitis, the most common form of periodontitis,
is a complex infectious disease of the periodontium caused by

a group of bacterial pathogens in dental plaque. It has been
demonstrated that periodontal tissue inflammation can induce loss
of connective tissue and bone support for the teeth, thereby leading
to loosening of teeth and formation of lesions elsewhere. The
prevalence rate of chronic periodontitis in Chinese adults is about
50%, and is the leading cause of adult tooth loss. Therefore, early
diagnosis and investigation on the pathogenesis of periodontitis is
important for prevention and treatment of periodontal disease
[Arigbede et al., 2012].

In recent years, with the discovery and study of ncRNAs, the
complex relationship between ncRNAs and diseases has raised
concern. In the human genome, approximately 93% of the sequence
can be transcribed, in which only 2% have protein-coding function,

whereas 98% of the transcriptome are non-protein-coding func-
tional non-coding RNA (noncoding RNA, ncRNA) [Consortium,
2004]. Based on the molecular size, ncRNAs can be classified into
small ncRNA and long ncRNA (lncRNA). MicroRNAs (miRNAs) are
the best studied short ncRNAs and have been confirmed to be
involved in paradentitis development [Kapranov et al., 2007;
Ulveling et al., 2011].

LncRNAs are defined as ncRNAs that are longer than 200
nucleotides, which have been shown to be alternatively spliced,
polyadenylated, and developmentally regulated in eukaryotes,
including antisense, intergenic transcripts, and epigenetic regulators
[Okazaki et al., 2002; Guttman et al., 2009]. Many studies
demonstrate that deregulated expression of lncRNAs is closely
correlated with the diversity of multigenetic diseases. The compre-
hensive function of lncRNAs in biological processes occurs through
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various mechanisms, such as gene expression regulation, dosage
compensation, genomic imprinting, nuclear organization and
compartmentalization, and nuclear-cytoplasmic trafficking [Clark
and Mattick, 2011]. Recent studies have illustrated that abnormal
expression of lncRNAs is closely associated with the development of
disease [Gibb et al., 2011]. Through whole genome sequence
analysis, lncRNA ultra-conservative elements were found to be
related to proto-oncogenes in normal cells, which can inhibit
apoptosis. Abnormal expression of these ultra-conservative ele-
ments can lead to cell malignant transformation, thereby inducing
tumorigenesis. Meanwhile, neurodegenerative disease researchers
found that various anomalies in lncRNA expression are related to
subcellular localization changes [Mikkelsen et al., 2007; Xu et al.,
2011]. However, the expression of lncRNAs and their biological
functions in paradentitis remain unknown.

In this study, lncRNA expression profiles were obtained using
microarray assay in two pairs of chronic periodontitis tissues
samples compared with adjacent normal samples, several of which
were evaluated by qPCR. The results demonstrate that lncRNA
expression profiles may serve as newmolecular biomarkers or a new
basis for the diagnosis of periodontitis.

MATERIALS AND METHODS

TISSUE SAMPLES
For microarray analysis, two cases of chronic periodontitis tissues
samples (271212, 1231) and two cases of normal tissue samples
(1229, 14) were obtained from the Department of Stomatology of the
NanFang Hospital, Southern Medical University. Meanwhile, 15
cases of normal tissue samples and 30 cases of chronic periodontitis
tissue samples from 2013. 01 to 2013. 12 were selected to confirm the
microarray analysis results. The diagnosis of chronic periodontitis
was established on the basis of clinical and radiographic criteria. The
patients with chronic periodontitis had more than one periodontal
pocket with a depth of �5mm, with at least one pocket having
�5mm loss of attachment and all gingival samples were obtained
from the teeth with a probing depth of �5mm, swelling of the
marginal gingiva, and bleeding corresponding to gingival sulcus
bleeding indexes above 3 according to Mühlemann and Son [1971].
Following surgery, excised tissue specimens were immediately
placed in liquid nitrogen and subsequently frozen at�70°C. Written
informed consent was obtained from all patients, and the study was
approved by the Ethical Committee of the NanFang Hospital,
Southern Medical University.

RNA EXTRACTION
TRIzol Reagent (Invitrogen Life Technologies) was used to extract
RNA from the tissue samples. The total RNA from each sample was
quantified using NanoDrop ND-1000, and RNA integrity was
assessed by standard denaturing agarose gel electrophoresis.

RNA LABELING AND ARRAY HYBRIDIZATION
Sample labeling and array hybridization were performed according
to the Agilent One-Color Microarray-Based Gene Expression
Analysis protocol (Agilent Technology) with minor modifications.

Briefly, mRNA was purified from total RNA after removal of rRNA
(mRNA-ONLYTM Eukaryotic mRNA Isolation Kit, Epicentre). Each
sample was then amplified and transcribed into fluorescent cRNA
along the entire length of the transcripts without 30 bias through a
random priming method. The labeled cRNAs were purified using the
RNeasy Mini Kit (Qiagen). The concentration and specific activity of
the labeled cRNAs (pmol Cy3/mg cRNA) were measured using
NanoDrop ND-1000. A total of 1mg of each labeled cRNA was
fragmented by adding 11mL of 10� blocking agent and 2.2mL of
25� fragmentation buffer. The resulting mixture was heated at 60°C
for 30min, after which 55mL of 2� GE hybridization buffer was
added to dilute the labeled cRNA. The hybridization solution
(100mL) was dispensed into the gasket slide and assembled to the
lncRNA expression microarray slide. The slides were incubated for
17 h at 65°C in an Agilent hybridization oven. The hybridized arrays
were washed, fixed, and scanned using the Agilent DNA microarray
scanner (part number G2505C).

The Arraystar human lncRNA array v2.0 (8� 60K, Arraystar) was
designed for profiling both lncRNAs and protein-coding RNAs in the
human genome. A total of 33,045 lncRNAs and 30,215 coding
transcripts were collected from authoritative data sources, including
RefSeq, UCSC Knowngenes, Ensembl, and other related sources in
the literature.

DATA ANALYSIS
Agilent Feature Extraction software (version 11.0.1.1) was used to
analyze the obtained array images. Quantile normalization and
subsequent data processing were performed using the GeneSpring
GX v11.5.1 software package (Agilent Technologies). After quantile
normalization of the raw data, lncRNAs and mRNAs that had at least
two out of four samples with flags in Present or Marginal (“All
Targets Value”) were chosen for further data analysis. Differentially
expressed lncRNAs and mRNAs with statistical significance between
the two groups were identified through volcano plot filtering.
Hierarchical clustering was performed using the Agilent GeneSpring
GX software (version 11.5.1). GO analysis and Pathway analysis
were performed in the standard enrichment computation method.

lncRNA CLASSIFICATION AND SUBGROUP ANALYSIS
Subgroup analysis was performed using homemade scripts. Results
are provided in the lncRNA Classification and Subgroup Analysis
Folder. Enhancer-like lncRNAs were identified using the GENCODE
annotation of human genes. Rinn0s lncRNAs were identified based
on papers by John Rinn. Human homeobox transcription factors
(HOX) cluster lncRNAs were also identified based on the study of
Rinn. Long intergenic lncRNAs (lincRNAs), enhancer-like lncRNAs,
and their nearby coding genes (distance <300 kb) were listed to
analyze the association of lncRNA genes with nearby mRNA-coding
genes.

CONFIRMATION OF DIFFERENTIALLY EXPRESSED lncRNAs BY REAL-
TIME QUANTITATIVE RT-PCR
Real-time PCR was performed to validate some of the differently
expressed lncRNAs confirmed by microarray analysis. Briefly, 2mg
of total RNA was converted to cDNA using SuperScriptTM III Reverse
Transcriptase according to the manufacturer0s protocol (Invitrogen).
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qPCR was performed using an ABI PRISM7900 system (Applied
Biosystems). The 10mL PCR solution included 1mL of cDNA product
and 5mL of 2� PCR Master Mix (Superarray). The reactions were
incubated at 95°C for 10min, followed by 40 cycles of 95°C for 10 s
and 60°C for 60 s. The primers used in this studywere shown in (Table
S10). All reactions were run in triplicate. After reaction, the threshold
cycle value (CT) data were determined using default threshold
settings, and the mean CT was determined from the duplicate PCRs.
Human GAPDHwas used for normalization. The expression levels of
lncRNAs were measured in terms of CT and then normalized to
GAPDH using 2-DDCt [Schmittgen and Livak, 2008].

WESTERN BLOT
Chronic periodontitis tissue samples and normal tissue samples were
homogenized in ice-cold CHAPS buffer (20 mMHepes, pH 7.4,
140mM NaCl, 10mM CHAPS, 2mM EDTA, 1mM EGTA, and
Complete Protease Inhibitor Cocktail), and incubated on the
thermoshaker for 30min at 4°C. The lysates were then subjected to
15% SDS-PAGE, and proteins were transferred to a nitrocellulose
membrane (RocheBiosciences,Germany). Themembranewasblocked
with 5%nonfatmilk powder inTris-buffered saline (TBS) (10mMTris-
HCl, pH7.2, 150mMNaCl) for 4 h.After beingwashed three timeswith
TBS with 0.1% Tween 20 (TBS-T), the membrane was then incubated
with IFN-gamma (R&D Systems China, 1:800), IL16 (R&D Systems
China, 1:800), IL6 (Cell Signaling Technology, 1:800), IL8 (R&D
Systems China, 1:800) and GAPDH (Novus Biologicals, 1:1000)
antibodies for 2 h. Antibodies binding were visualized by a
colorimetric reaction catalyzed by peroxidase-conjugated goat
anti-rabbit antibody (1:10,000 dilution in TBS; Promega).

STATISTICAL ANALYSIS
The lncRNAs expression differences between normal tissue samples
and chronic periodontitis tissue samples were analyzed using
Student0s t test within SPSS (Version 16.0 SPSS Inc.). A P value
<0.01 was considered statistically significant.

RESULTS

lncRNA MICROARRAY DATA PROFILE
The lncRNAs were carefully collected from the most authoritative
databases such as RefSeq, UCSC Knowngenes, Ensembl, and other
related sources in the literature. Each transcript is represented by a
specific exon or splice junction probe that can accurately identify
individual transcripts. Total RNA was extracted from periodontitis
tissues and normal tissue samples. Then the RNA was purifed and
used for cRNA synthesis. Subsequently, array hybridization was
performed with Arraystar Human LncRNA Microarray v2.0. Using
the reliable data consisting of more than 33,045 lncRNAs and 30,215
mRNAs, differently expressed lncRNAs were identified from chronic
periodontitis tissues samples and adjacent normal tissues. To
identify differentially expressed lncRNAs with statistical signifi-
cance, volcano plot filtering between the two groups (fold change
�2.0, P-value� 0.05) was employed. The results are shown in Table
S1 and Table S2, which confirmed 8925 differently expressed
lncRNAs (fold change �2.0, accounting for 40.84% of the total

lncRNAs), among which 4313 lncRNAs (accounting for 19.73%)
were upregulated, whereas 4612 lncRNAs (accounting for 21.10%)
were downregulated. A collection of top 18 deregulated lncRNAs (9
upregulated and 9 downregulated lncRNAs) is listed in Table I.

lncRNA CLASSIFICATION AND SUBGROUP ANALYSIS
Recently, some classes or clusters of lncRNAs such as enhancer
lncRNAs, Rinn lincRNAs, HOX lncRNAs have been identified to
perform specific function in human cells, which are more likely
involved in the occurrence and development of many diseases to
exert different functions. Harrow and his colleagues defined a set of
lncRNAs in human cell lines as lncRNAswith enhancer-like function
[Harrow et al., 2006; Ørom et al., 2010]. Depletion of such lncRNAs
led to decreased expression of neighboring protein-coding genes.
Here, we found a list of lncRNAs with enhancer-like function in
chronic periodontitis tissues compared with normal tissue samples
(Table S3), in which 997 enhancer lncRNAs were found, and 589
were obviously differently expressed. Rinn et al. [Guttman et al.,
2009; Khalil et al., 2009] found a set of lincRNAs, which may
significantly influence cancer, immune signaling, and stem cell
biology. Based on the study method by Rinn [2009], we profiled the
data of all probes for lincRNAs in chronic periodontitis tissues
compared with normal tissue samples. As shown in Table S4, 1218
differently expressed lincRNAs were detected, among which 656
were upregulated and 562 were downregulated.

Rinn et al. [2007] characterized the transcriptional landscape of
the four human Hox loci and identified a total of 407 discrete
transcribed regions in the four Hox loci. Using current genome
annotations, the transcribed regions were partitioned into known
Hox gene exons, introns, and intergenic transcripts. Most of these
intergenic transcripts did not show any coding potential in all six
transcriptional frames. These lncRNAs expressed in a temporal and
site-specific fashion probably used the same enhancers as the HOX
genes and may have global regulating functions as the HOX. Table
S5 presents the profiling data of all probes in the four HOX loci,
targeting 407 discrete transcribed regions, lncRNAs, and coding
transcripts. As shown in Table S5, 134 coding transcripts were
detected, with 82 differently expressed lncRNAs, whereas 264
transcribed ncRNAs (including introns and intergenic transcripts)
were identified, 156 of which were significant differently expressed.

mRNA MICROARRAY DATA PROFILE
In order to gain insight into the function of possible targets of
lncRNAs, GO and pathway annotation were applied to analyze the
deregulated mRNAs. Up to 18,696 coding transcripts were detected
in two pairs of samples (Table S6). Among these transcripts, an
average of 4956 mRNAs (accounting for 26.51%) were upregulated
in chronic periodontitis tissues compared with the matched normal
tissues, whereas an average of 2565 mRNAs were downregulated
(accounting for 13.72%) (Table S7). GO and Pathway analysis
showed that differentially expressed mRNAs may be involved in
cytokine-cytokine receptor interaction, peroxisome, lysosome,
endocytosis, ECM-receptor interaction, metabolism, MAPK signal-
ing pathway, etc. (Figs. 1 and 2). These results support the viewpoint
that periodontitis is a chronic inflammatory disease [Arigbede
et al., 2012].
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NEARBY CODING GENE FUNCTION ANALYSIS
Previous studies indicated that lncRNAs have intrinsic cis-
regulatory capacity by tethering to its own locus, which may
function as epigenetic factors [Ørom and Shiekhattar, 2011].
Previously, Harrow et al. [2006] found that depletion of
enhancer-like lncRNAs can lead to decreased expression of
their neighboring protein-coding genes. Therefore, elucidating
the differently expressed lncRNA and their nearby protein-
coding genes is an important approach to infer the functions of
lncRNA [Caley et al., 2010]. In this study, 452 differentially
expressed enhancer-like lncRNAs were identified, as well as
their nearby coding genes (distance <300 kb) (Table S8).
Furthermore, Table S9 shows 904 differentially expressed
lincRNAs and nearby coding gene pairs (distance <300 kb).
As shown in Table II, different lncRNAs can regulate a common
gene, whereas a single lncRNA can be regulated by different
genes.

REAL-TIME QUANTITATIVE PCR AND WESTERN BLOT VALIDATION
For confirmation of the microarray analysis results, two
susceptibility genes (IL6, IL8) were detected and found
upregulated, which was consistent with previous results
[Davanian et al., 2012]. Five differently expressed mRNAs
(PI3, IFNG, IL16, CDKN2B, and MYD88) and their related
lncRNAs (RP3–461P17.10, lincRNA-IFNG-2, lincRNA-
KIAA1199, CDKN2BAS, and lincRNA-CDON-1) were then
tested. The results were consistent with the expression patterns
obtained from microarray analysis (Fig. 3). To further confirm
the results, more samples (15 cases of normal tissue samples and
30 cases of chronic periodontitis tissue samples, The demo-
graphic data and clinicopathological features of the patients
were summarized in Table III) were collected and we confirmed
that the expression of RP3–461P17.10, lincRNA-IFNG-2,
lincRNA-KIAA1199, CDKN2BAS, and lincRNA-CDON-1 were
consistent with the results of microarray analysis (Fig. 4). Then,

TABLE I. A Collection of Deregulated lncRNAs Detected Using Microarray in Periodontitis Patients

Seqname GeneSymbol Type Source Chrom Strand Relationship
Regulation
([T] vs [C])

Absolute
fold change
([T] vs [C]) P-value

AW293169 lincRNA-ZNF507 noncoding lincRNA chr19 þ intergenic up 103.9061113 9.38056E-05
EC495588 lincRNA-RCN2 noncoding lincRNA chr15 – intergenic up 96.51054978 0.000647423
CB112975 lincRNA-UBL3–1 noncoding lincRNA chr13 þ intergenic up 71.48499298 0.01690132
uc002zxb.3 ZDHHC8P noncoding UCSC_knowngene chr22 – intergenic up 44.47452679 0.011743262
NR_001275 CELP noncoding RefSeq_NR chr9 þ intergenic up 43.3265723 8.42079E-05
ENST00000458343 KRT42P noncoding Ensembl chr17 – intergenic up 41.64351667 5.63212E-05
ENST00000439490 AC007241.3 noncoding Ensembl chrY – intergenic up 39.69735005 0.004463084
HIT000395572 noncoding H-invDB chr1 – intergenic up 38.76777549 0.006511677
ENST00000394467 RP13–147D17.1 noncoding Ensembl chrX – intergenic up 34.65091274 0.000421092
BE244504 lincRNA-FAM110A noncoding lincRNA chr20 – intergenic down 1185.608516 0.00982956
CR617239 noncoding RNAdb chr7 þ intronic antisense down 134.7195907 0.002657778
CR617239 noncoding RNAdb chr7 þ natural antisense down 134.7195907 0.002657778
NR_027466 LOC647288 noncoding RefSeq_NR chr13 – intergenic down 126.5766693 0.000535325
ENST00000400646 AC007275.3 noncoding Ensembl chrY – intergenic down 122.6568716 0.001432316
NR_015407 LOC339535 noncoding RefSeq_NR chr1 – intergenic down 122.3560646 0.000342342
ENST00000424182 RP11–402P6.6 noncoding Ensembl chrX þ intergenic down 85.12342236 0.036373736
ENST00000509019 AC007790.1 noncoding Ensembl chr7 – intronic antisense down 84.69653242 0.000881699
uc010bcp.1 AK057625 noncoding UCSC_knowngene chr15 þ natural antisense down 83.65949881 0.000210935

Fig. 1. GO Molecular Function Classification of mRNAs. (A) upregulated genes; (B) downregulated genes.
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western blot was used to test some chronic periodontitis tissue
samples and normal tissue samples, and the results showed
similar expression patterns obtained from microarray analysis
(Fig. 5).

DISCUSSION

Periodontitis is a bacteria-induced chronic inflammatory disease
that involves multiple disruptions to the periodontium. The patho-
genesis of periodontitis is mainly caused by toxins secreted by
pathogenic microorganisms which can induce host immune
disorders, release inflammatory mediators, and cause damage to
local periodontal tissue [Darveau, 2010].

Differential expression of lncRNAs is becoming recognized as one
of the important factors controlling gene expression and epigenetic
regulation in the evolution of species, embryonic development,
metabolism, and disease development [Mercer et al., 2009]. However,
the functional role for the vast majority of these unique genes is still
in question. Gupta et al. [2010] found that HOX-transcribed
antisense RNA (HOTAIR) was significantly upregulated in metastatic

breast tumors with 2000-fold increase. HULC is highly expressed in
primary liver tumors and in colorectal carcinomas that metastasized
to the liver. Further study demonstrated thatmiR-372 can repress the
expression of PRKACB to inhibit the function of CREB, which can
promote HULC transcription [Wang et al., 2010]. Considering the
important role of lncRNA, the lncRNA expression profiles in the
tissue of periodontitis patients were evaluated to reveal the potential
role of lncRNAs in the pathogenesis of periodontitis. Microarray
techniques revealed 8925 differentially expressed lncRNAs (fold
change >2.0), of which 4313 were upregulated and 4612 were
downregulated in periodontitis tissue when compared with normal
adjacent tissue.

Rinn et al. [Guttman et al., 2009; Khalil et al., 2009; Ørom et al.,
2010] found a set of lincRNAs and human (HOX) cluster lncRNAs.
Moreover, Harrow and his colleagues defined numbers of lncRNAs in
human cell lines as lncRNAs with enhancer-like function
[Schmittgen and Livak, 2008], which can play different roles in
gene regulation. For example, the lincRNA BDNFOS (NR_033314) is
the natural antisense transcript of BDNF. Modarresi et al. [2012]
demonstrated that inhibition of BDNFOS upregulates BDNF
mRNA by two-fold to seven-fold. Microarray analysis shows

Fig. 2. Pathway analysis of differently expressed genes (mRNAs). (A) upregulated genes; (B) downregulated genes.

TABLE II. Some Differentially Expressed LncRNAs and Their Nearby Coding Genes (Distance <300 kb)

GeneSymbol
P-value-
LncRNAs

Fold change-
LncRNAs

Regulation-
LncRNAs

Genome
relationship NearbyGene

Nearby
GeneSymbol

P-value-
mRNAs

Fold change-
mRNAs

Regulation-
mRNAs

RP11-296O14.3 0.006216528 26.593534 down upstream NM_004905 PRDX6 0.000719298 4.872687 up
AP000282.3 0.016932003 25.51497 down downstream NM_207584 IFNAR2 0.00269859 3.480801 down
AP000282.3 0.016932003 25.51497 down downstream NM_000874 IFNAR2 0.000388462 2.6185656 down
AP000282.3 0.016932003 25.51497 down downstream NM_207585 IFNAR2 0.030071905 2.0512574 down
RP3-461P17.10 0.0086662 3.903414 up upstream NM_002638 PI3 0.000206 61.082283 up
RP1-300I2.2 0.011022008 3.0897377 up upstream NM_002638 PI3 0.000206049 61.082283 up
lincRNA-IFNG-2 0.0478133 7.2941446 up downstream NM_000619 IFNG 0.0005166 20.446806 down

0.007617182 3.9246998 down downstream NM_000619 IFNG 0.000516624 20.446806 down
lincRNA-DYRK2-2 0.028020509 3.2389712 up upstream NM_000619 IFNG 0.000516624 20.446806 down
AC005294.1 0.03190556 2.3591645 down downstream NM_000619 IFNG 0.000516624 20.446806 down
lincRNA-CDON-1 0.0004792 5.157475 down upstream NM_001039661 TIRAP 0.0011296 3.479414 up
lincRNA-KIAA1199 0.0081883 4.272878 down upstream NM_172217 IL16 0.0063795 2.0575085 down
lincRNA-IL1RL1 0.005369412 3.7445376 up upstream NM_003854 IL1RL2 0.010453484 7.6985235 up
lincRNA-MAP4K4 0.015719736 3.2388942 down upstream NM_003854 IL1RL2 0.010453484 7.6985235 up
lincRNA-IL1RL1 0.005369412 3.7445376 up upstream NM_004633 IL1R2 0.037348356 3.178611 up
lincRNA-MAP4K4 0.015719736 3.2388942 down upstream NM_004633 IL1R2 0.037348356 3.178611 up
lincRNA-IL1RL1 0.005369412 3.7445376 up upstream NM_000877 IL1R1 0.035737593 2.2034247 down
lincRNA-MAP4K4 0.015719736 3.2388942 down upstream NM_000877 IL1R1 0.035737593 2.2034247 down
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downregulation of BDNFOS in periodontitis tissue (fold change
¼ 2.79, P-value¼ 0.03), whereas the two transcripts of BDNF
(NM_001143811, NM_001143805) were upregulated (fold change
¼ 7.84, P-value¼ 0.01; fold change¼ 3.85, P-value¼ 0.03). How-
ever, the other two BDNF transcripts were downregulated
(NM_001143815: fold change¼ 4.05, P-value¼ 0.01;
NM_001143807: fold change¼ 2.46, P-value¼ 0.03). Therefore,
we speculate that lncRNA can regulate transcripts through different
mechanisms and deserves our further study.

HOTAIR was the first discovered lncRNA which can function
through trans-regulation of gene expression [Kaneko et al.,
2010; Kim et al., 2013]. Clinical studies showed that HOTAIR
expression levels are correlated with tumor metastasis, recur-
rence, and prognosis in breast, colon, and liver cancers and
other tumor tissues. In this study, the transcript HOTAIR
(ENST00000455246) was found to be upregulated in perio-
dontitis (fold change¼ 3.06, P-value¼ 0.01), whereas another
transcript NR_003716 was downregulated (fold change¼ 18.54,
P-value¼ 0.002). Therefore, alternative splicing also exists in
lncRNAs, and different lncRNA transcripts may play different
regulatory functions.

A recent study has shown that lncRNA are related with its
neighboring protein-coding genes [Ponjavic et al., 2009]. Thus,
correlation analysis between lncRNAs and its neighboring mRNA
would elucidate the functions of lncRNA and contribute to the
understanding of the relationship between lncRNA and periodonti-
tis. For example, the lncRNAs RP3–461P17.10 and RP1–300I2.2 are
located upstream of PI3 gene and are transcribed from the sense
strand of PI3 gene, which encodes the protein Elafin, an endogenous
serine protease inhibitor of trappin family [Verrier et al., 2012]. In
this study, we confirmed that RP3–461P17.10 and RP1–300I2.2 were
upregulated in periodontitis. PI3 was also upregulated obviously
(Table II), indicating that the lncRNAs RP3–461P17.10 and RP1–
300I2.2 may exert a synergistic effect on PI3 expression. RP11–
296O14.3 is reproduced and located upstream of Peroxiredoxin 6
(PRDX6) antisense strand. Evidence suggests that PRDX6 is a novel
thiol-dependent antioxidant that functions to scavenge particular
hydroperoxides in the cell and mediate specific signals [Ye et al.,
2005]. The microarray results showed that RP11–296O14.3 was
downregulated in periodontitis, whereas PRDX6 was upregulated.
We speculate that RP11–296O14.3 may exert its function by
repressing PRDX6 expression.

In a study consisting of 15 patients with periodontitis and
atherosclerosis, researchers demonstrated higher expression of
IFNGR1 and IFNGR2, as well as lower expression of IFNG
[Niedzielska and Cierpka, 2010]. In the present study, IFNG was
downregulated in periodontitis. Four IFNG neighboring lncRNAs
were detected, among which lincRNA-CDON-1 was downregulated.
lincRNA-CDON-1 was transcribed in the antisense strand of TIRAP.
TIRAP is an adapter protein, which associates with Toll-like
receptors (TLRs) to mediate signal transduction [Couture et al.,
2012]. TIRAP was also found to be upregulated in periodontitis.
Therefore, lincRNA-CDON-1 may be involved in signaling pathways
associated with TLRs in periodontitis pathogenesis.

To verify the results of the microarray analysis, real-time PCR and
western blot were performed, which identified the periodontitis

Fig. 3. qPCR results compared with the microarray analysis. (A) Differentially expressed genes (IL6, IL8, MYD88, PI3, CDKN2A, IL16, and IFNG) detected using microarray were
validated by qPCR. (B) qPCR analysis results of CDKN2BAS (uc010miw.1), lincRNA-KIAA1199, lincRNA-IFNG-2, lincRNA-CDON-1, RP11–296O14.3, and RP3–461P17.10,
which were consistent with microarray analysis. Experiments were carried out in triplicate and the results were expressed as mean values.

TABLE III. Demographic Characteristics of the Study Population and
Clinical Parameters (mean� SD)

Characteristics

Non-chronic
periodontitis

(n¼ 15)
chronic periodontitis

(n¼ 30)

Age (years) 38.2 � 6.3 44.6 � 5.5
M/F (n) 6/9 14/16
PI (%) 8.5� 6.8* 60.5� 19.4
BoP (%) 4.7� 3.6* 66.2� 11.7
PD (mm) 2.1� 0.6* 4.2� 0.9
CAL (mm) 1.2� 0.1* 4.6� 1.3

M, male; F, female; PI, plaque index; BoP, bleeding on probing; SUP, suppuration;
PD, probing depth; CAL, clinical attachment level.
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susceptibility genes IL6, IL8 were upregulated. These results are
consistent with a previous study [Davanian et al., 2012]. Some
differently expressed lncRNAs and its neighboring genes are
consistent with the microarray results. We further collected
periodontitis samples and confirmed that the expression of RP3–
461P17.10, lincRNA-IFNG-2, lincRNA-KIAA1199, CDKN2BAS, and
lincRNA-CDON-1 were consistent with microarray analysis results.
Schaefer et al. [2011] detected the expression of CDKN2BAS,
CDKN2A, CDKN2B, and CDK4 in healthy and inflamed gingival

epithelium (GE) and connective tissue (CT), and a significantly higher
expression of CDKN2BAS was found in healthy CT compared with
GE (P¼ 0.004). Microarray and real-time PCR results confirm that
the lncRNA CDKN2BAS was downregulated in periodontitis (fold
change¼ 4.50, P-value¼ 4.91809E-05), whereas both CDKN2A and
CDKN2B were upregulated.

In conclusion, our study reveals for the first time that lncRNAs are
differentially expressed in chronic periodontitis tissuesamples
compared with the adjacent normal tissues, indicating critical
functions of lncRNA in the pathogenesis of periodontitis. Further
research is required to determine whether these lncRNAs can serve as
new therapeutic targets and diagnostic biomarkers in periodontitis.
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