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Abstract

Background: Periodontitis is a chronic inflammatory disorder with a complex etiology. Long non-coding RNAs
(INcRNAs) have been shown to affect pathoetiology of periodontitis. We aimed at identification of expression of five
INCRNASs, namely Linc0116, Linc00667, CDK6-AS1, FENDRR and DIRC3 in the circulation and gingival tissues of these
patients compared with healthy controls.

Methods: In a pilot case—control study, we compared expressions of Linc0116, Linc00667, CDK6-AS1, FENDRR and
DIRC3 IncRNAs between blood and tissue samples of patients with periodontitis and healthy controls using real time
quantitative PCR technique. The present work was performed on samples got from 26 patients with periodontitis and
28 controls. Female/male ratio was 16/10 and 12/16 in cases and controls, respectively.

Results: There was no significant difference in the expressions of Linc0116, Linc00667, CDK6-AS1, FENDRR and DIRC3
genes between affected and unaffected tissues. However, expressions of Linc0116, Linc00667, CDK6-AST, FENDRR and
DIRC3 genes were significantly lower in the blood samples of patients when compared with control samples (Ratio of
mean expression=0.16,0.14,0.13, 0.10 and 0.14, respectively). Subsequently, we compared expressions of these IncR-
NAs between patients and controls in a sex-based manner. Expressions of Linc00667, FENDRR and DIRC3 genes were
significantly lower in female patients compared with female controls (RME =0.09, 0.07 and 0.10, respectively). Yet,
there was no significant difference in expression of any of mentioned IncRNAs among male subgroups. Consistent
with the similar levels of Linc0116, Linc00667, CDK6-AS1, FENDRR and DIRC3 in tissue samples of patients and controls,
none of them could separate these two sets of samples. However, AUC values for of Linc0116, Linc00667, CDK6-AST,
FENDRR and DIRC3 expression levels in blood samples were 0.66, 0.72, 0.70, 0.72, 0.70 and 0.68, respectively with FEN-
DRR having the best sensitivity value.

Conclusion: Taken together, INcRNAs might be involved in the pathologic events in the circulation of patients with
periodontitis.
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Background
Long non-coding RNAs (IncRNAs) are transcripts with
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different layers of gene expression through modulating
chromatin arrangement, affecting epigenetic mecha-
nisms, regulating RNA stability and interacting with
several biomolecules [2]. These transcripts influence the
pathoetiology of several disorders, including periodonti-
tis [3]. Several IncRNAs have been found to be dysregu-
lated in the circulation, gingival tissues, primary human
gingival fibroblasts or periodontal ligament cells of
patients with periodontitis [3]. These IncRNAs affect the
pathogenic course of periodontitis through influencing
cell apoptosis [4], autophagy [5], immune responses [6]
and osteogenic differentiation [7]. Although the impact
of numerous IncRNAs in the pathogenesis of periodon-
titis has been assessed, the role of several other IncRNAs
in this condition remained to be elucidated. We aimed
at identification of expression of five IncRNAs, namely
Linc0116, Linc00667, CDK6-AS1, FENDRR and DIRC3 in
the circulation and gingival tissues of these patients com-
pared with healthy controls.

Linc00667 is a long intergenic RNA whose function has
not been completely understood. Linc01116 is a relatively
newly identified IncRNA whose expression has been
found to be increased in prostate cancer [8], non-small
cell lung cancer [9], and glioma [10]. In the latter type of
cancer, it can promote neutrophil recruitment through
DDX5-associated modulation of IL-1p [11]. CDK6-ASI
is another IncRNA that regulate cell migration and inva-
sion in asynergic manner with CDK®6 [12]. FENDRR gene
has been shown to produce a spliced IncRNA transcribed
bidirectionally with FOXF1. The mouse homologue of
this gene has a crucial role in the developmental pro-
cesses through binding with PRC2 and/or TrxG/MLL
complexes and enhancing methylation of the target genes
promoters [13]. Finally, DIRC3 is a MITF-SOX10 regu-
lated gene that suppresses cell proliferation and anchor-
age-independent growth. This IncRNA is primarily
located in the nucleus where it activates its nearby gene
i.e. IGFBP5 via changing chromatin configuration [14].
We hypothesized that expression levels of these IncR-
NAs are different between healthy controls and affected
persons, so that they can be used as markers for this
condition.

Methods

Enrolled persons

The present work was performed on samples got from 26
patients with periodontitis and 28 controls. Tissue speci-
mens were obtained from patients suffered from chronic
periodontitis, based on the criteria described in our for-
mer study [15]. Patients had stages III (with remarkable
impairment of the attachment apparatus) or IV (notice-
able injury of the periodontal support which might lead
to significant tooth loss and defects in the masticatory
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function) of periodontitis [16]. Smoking, history of
inflammatory disorders, malignancies, diabetes and
intake of antibiotics or anti-inflammatory agents were
regarded as exclusion criteria. All samples were obtained
from the periodontal clinics of Hamadan University of
Medical Sciences. Control samples were excised from
individuals in the course of dental crown lengthening
surgery. These individuals had no signs of periodontitis.
The clinical variables were assessed by a periodontics.
Sociodemographic data were recorded in a question-
naire. Informed consents were obtained from all study
participants. The study protocol was approved by the
ethical committee of Shahid Beheshti University of Medi-
cal Sciences.

Expression assay

Expression of genes were compared between groups
using quantitative real time PCR method. For this pur-
pose, RNA was isolated from tissues and venous blood
samples using PicoPure” RNA Isolation Kit (Thermo
Fisher Scientific). Complementary DNA was produced
from these specimens by using the Smobio cDNA pro-
duction kit (Taiwan). Expression amounts of Linc0116,
Linc00667, CDK6-AS1, FENDRR and DIRC3 IncRNAs
were quantified in tissues and blood samples using the
qRT-PCR kit (GeneDireX, Taiwan). Thermal cycling
reactions were accomplished in LightCycler® 96 instru-
ment. Real time PCR program included a primary activa-
tion period at 95 °C for ten minutes. Then, the program
included 40 cycles of denaturation at 95 °C for 10 s and
annealing/extension at 65 °C for 40 s. All reactions were
performed in duplicate. Primer sequences are demon-
strated in Table 1.

Statistical analyses

Statistical variables were studied using R program-
ming language. Expressions of Linc0116, Linc00667,

Table 1 Primer sequences

Gene name Sequence
HPRT1 F: AGCCTAAGATGAGAGTTC
R: CACAGAACTAGAACATTGATA
Linc0116 F: AACGCTTTTGAATATGGGGAC
R: CAATCACAGAGCTCTCCTTGC
Linc00667 F: AATTGGAAGGAAACACAGCC
R: GACTGCAGGCCACAGACAG
CDK6-AST F: CACGGCGTGGCAGCTTTCAG
R: AGCAGCAAAGCAAAGCCTGGGA
FENDRR F: TAAAATTGCAGATCCTCCCG
R: AACGTTCGCATTGGTTTAGC
DIRC3 F: GGGAGTATGCCTCCAGACAG

R: GTCGATCAGCAAGCTCAGTG
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Fig. 1 Relative expression amounts of Linc0116, Linc00667, CDK6-AS1, FENDRR and DIRC3 genes in affected tissues compared with control tissues

CDK6-AS1, FENDRR and DIRC3 transcripts were
measured using Ct and PCR efficiency values after log-
transforming of the raw data. Mean values of genes
expressions were compared between patients and
healthy persons using t-test. Spearman correlation coef-
ficient was measured to estimate correlations between

expressions of Linc0116, Linc00667, CDK6-AS1, FEN-
DRR and DIRC3 genes. Diagnostic power of Linc0116,
Linc00667, CDK6-AS1, FENDRR and DIRC3 genes was
assessed via illustrating receiver operating characteris-
tic curves and calculation of the area under these curves

(AUC).
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Fig. 2 Relative expression amounts of Linc0116, Linc00667, CDK6-AS1, FENDRR and DIRC3 genes in blood samples of patients with periodontitis
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Results

The present work was performed on samples got from 26
patients with periodontitis and 28 controls. Female/male
ratio was 16/10 and 12/16 in cases and controls, respec-
tively. Mean age (*standard deviation) was 37.6+2.5
and 37.54 1.7 in cases and controls, respectively.

Expression assays

Since there was no previous data about the expression
levels of mentioned genes in the periodontitis, a previ-
ous sample size calculation was not performed and the
current study was a pilot study. Relative expressions of
Linc0116, Linc00667, CDK6-AS1, FENDRR and DIRC3
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Fig. 4 ROC curves depicted using the Bayesian Generalized Linear Model. Consistent with the similar levels of Linc0116, Linc00667, CDK6-AST,
FENDRR and DIRC3 in tissue samples of patients and controls, none of them could separate these two sets of samples

genes in tissues and blood specimens of patients and
healthy subjects are depicted in Figs. 1 and 2, respectively.

There was no significant difference in the expres-
sions of Linc0116, Linc00667, CDK6-AS1, FENDRR and
DIRC3 genes between affected and unaffected tissues.
However, expressions of Linc0116, Linc00667, CDK6-
ASI, FENDRR and DIRC3 genes were significantly
lower in the blood samples of patients when compared
with control samples (Ratio of mean expression=0.16,
0.14, 0.13, 0.10 and 0.14, respectively). Subsequently,
we compared expressions of these IncRNAs between
patients and controls in a sex-based manner. Expres-
sions of Linc00667, FENDRR and DIRC3 genes were
significantly lower in female patients compared with
female controls (RME=0.09, 0.07 and 0.10, respec-
tively). Yet, there was no significant difference in
expression of any of mentioned IncRNAs among male
subgroups (Table 2).

Expressions of Linc0116, Linc00667, CDK6-ASI, FEN-
DRR and DIRC3 genes were robustly correlated with each
other in the blood samples with r values ranging from
0.87 to 0.94. Similarly, their tissues levels were correlated
with each other with r values ranging from 0.81 to 0.96.
Yet, there was no significant correlation between expres-
sion levels of an individual IncRNA in blood and tissue
samples (Fig. 3).

In order to assess the diagnostic power of Linc0116,
Linc00667, CDK6-AS1, FENDRR and DIRC3 genes in
blood and tissue samples, we depicted ROC curves using
the Bayesian Generalized Linear Model (Fig. 4).

However, AUC values for of Linc0116, Linc00667,
CDK6-AS1, FENDRR and DIRC3 expression levels in
blood samples were 0.66, 0.72, 0.70, 0.72, 0.70 and 0.68,
respectively with FENDRR having the best sensitivity
value (Table 3).

Discussion

LncRNAs have crucial roles in several aspects of bio-
logical processes in the course of periodontitis [3]. As
regulation of cell proliferation/apoptosis and modula-
tion of immune reactions are important functions of
IncRNAs, several IncRNAs are involved in both onco-
genic processes and immune-related conditions such as
periodontitis [3]. In the current pilot study, we assessed
expressions of a number of IncRNAs with known func-
tions in the carcinogenesis in the biological samples
obtained from patients with periodontitis.

While we detected no significant difference in the
expressions of Linc0116, Linc00667, CDK6-AS1, FEN-
DRR and DIRC3 genes between affected and unaffected
tissues, expressions of all assessed IncRNAs were signifi-
cantly lower in the blood samples of patients when com-
pared with control samples. Assessment of blood levels
of IncRNAs has an important application in the clinical
settings as this type of sampling facilitates patients’ fol-
low-up in a non-invasive manner. A previous study in
patients with periodontitis has indicated over-expression
of the IncRNA AWPPH in patients who experienced dis-
ease recurrence but not in patients without recurrence
[17], indicating the appropriateness of this IncRNA for
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patients’ follow-up. We have recently reported down-reg-
ulation of ANRIL IncRNA in the circulation of patients
with periodontitis [15]. It is worth mentioning that both
AWPPH and ANRIL are among IncRNAs with crucial
roles in the carcinogenic processes. These observations
further emphasize on the similarities in cellular pro-
cesses which are affected by IncRNAs in cancers and
periodontitis.

Subsequently, we compared expressions of these IncR-
NAs between patients and controls in a sex-based man-
ner. Expressions of Linc00667, FENDRR and DIRC3
genes were significantly lower in female patients com-
pared with female controls (RME=0.09, 0.07 and 0.10,
respectively). Yet, there was no significant difference in
expression of any of mentioned IncRNAs among male
subgroups. The prevalence of periodontitis has is remark-
ably higher males compared to females, suggesting a
potential sex-based bias in pathoetiology of this condi-
tion [18]. A previous study that assessed risk factors for
periodontal diseases has demonstrated the role of gender
in conferring risk of this condition [19]. Moreover, when
the analysis was restricted to patients with severe peri-
odontitis, male subjects were found to be at higher risk
compared to females [19]. The underlying mechanism of
sex-based dysregulation of mentioned IncRNAs and their
potential interaction with risk factors for periodontitis
should be uncovered in future studies.

Next, we examined the correlations between expres-
sion levels of Linc0116, Linc00667, CDK6-AS1, FENDRR
and DIRC3 in both sets of samples. Notably, expressions
of these IncRNAs were robustly correlated with each
other in both blood samples and gingival tissues. This
finding might suggest interaction between these IncR-
NAs and presence of a single regulatory mechanism for
controlling expression of these IncRNAs. Yet, there was
no significant correlation between expression levels of an
individual IncRNA in blood and tissue samples. There-
fore, expression levels of these IncRNAs might be under
tissue-dependent regulatory mechanisms.

Consistent with the similar levels of Linc0116,
Linc00667, CDK6-AS1, FENDRR and DIRC3 in tissue
samples of patients and controls, none of them could sep-
arate these two sets of samples. However, AUC values for
of these IncRNAs, particularly Linc00667 and FENDRR
were appropriate.

Our study had limitation in terms of sample size and
lack of age and gender-pairing. Moreover, we did not
assess expression of these IncRNAs in other oral path-
ologic conditions to appraise the specificity of these
IncRNAs for periodontitis. Finally, we did not have the
detailed clinicopathological data such as mean clinical
attachment level or mean pocket depth.

Page 8 of 9

Conclusion

Taken together, IncRNAs might be involved in the
pathologic events in the circulation of patients with
periodontitis. Future assessment of expression of
these IncRNAs during different stages of periodontitis
is required for evaluation of their impact on disease
progression.
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