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Abstract: Objective: To investigate the level change of miR-18b in PDLSCs with nicotine exposure and its effect on
PDLSCs’ proliferation, migration and osteogenic differentiation. Methods: PDLSCs were isolated from periodontal
ligament tissues which obtained from smoker patients and age-matched non-smoker. miR-18b levels in PDLSCs
from different sources were detected using qRT-PCR. PDLSCs from non-smoker were treated with nicotine and
the miR-18b level changes were confirmed at different time point after exposure. miR-18b was downregulated by
miR-18b inhibitor transfection in PDLSCs and the influence of miR-18b knockdown on proliferation, apoptosis and
migration of nicotine exposed PDLSCs were estimated using Cell Titer-Blue Assay, flow cytometry and time-lapse
microscope, respectively. The changes of osteogenic differentiation markers including ALP, RUNX2, OCN and OPN
were also analyzed using qRT-PCR and western blot. Furthermore, bioinformatics analysis was performed to predict
the target genes of miR-18 followed with gene ontology analysis. Result: Higher miR-18b level was observed in
PDLSCs from smoker and nicotine-treated PDLSCs. Restoring of miR-18b level in PDLSCs could relieve the inhibitory
effect of nicotine on proliferation, migration and decrease apoptosis; however, it could not change the osteogenic
differentiation markers. miR-18b may target the genes involved with protein localization and cellular localization.
Conclusion: Nicotine has an inhibitory effect on proliferation, migration and osteogenic differentiation in PDLSCs;
miR-18b may be a crucial regulator in these nicotine-associated functional changes.
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Introduction
Cigarette smoking is a serious health problem
around the world, most of the tumors, cardiovascular diseases and respiratory system disease could be attributed to it more or less.
Moreover, exposure to cigarette smoking also
causes the development of destructive periodontal disease [1, 2]. Periodontal disease is
a chronic infectious and inflammation disease
usually characterized by the destruction of periodontal tissues including loss or injury of periodontal ligament, alveolar bone, tooth-associated cementum and so on [3]. Cigarette
smoking includes 4000 chemicals and most
of them are strong oxidant or have cytotoxicity
which could induce cells damage and deteriorate the injury of periodontal tissues [4, 5].
Among the chemicals in cigarette smoking,
Nicotine is a key component and its relationship with destructive periodontal diseases has

been proven already. One of the potential mechanisms can be considered as that nicotine
has an inhibitory effect of nicotine on periodontal ligament-derived stem cells (PDLSCs)
proliferation, migration and osteogenic differentiation [6]. PDLSCs are derived from periodontal ligament and participate in periodontal
tissue maintenance and regeneration. Due to
their potential for self-renewal and multilineage differentiation PDLSCs plays a key role in
the periodontal disease healing process and
have been considered as excellent cell sources for tissue engineering and cell therapy in
periodontal diseases [7, 8]. In the other hand,
injury of PDLSCs caused by various factors
such as nicotine could prolong the recovery
time and hinder the repair of periodontal tissue. Studies have shown that nicotine hinders
human PDLSCs’ proliferation, migration and differentiation potentials, for instance, Kim et al.,
found that nicotine decreased the cell viabili-
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ty of PDLSCs and increased percentage of cells in the sub G1 phase which indicated a cell
cycle arrest [9]. However, the molecular mechanisms are still unclear. Some of the studies
tried to interpret the question through taking
microRNAs into account. MicroRNAs (miRNAs)
are a kind of 21-24 nucleotides. Non-coding
RNA molecules and play a role as post-transcriptional regulators by binding to complementary sequences in the 3’-untranslated region of target mRNAs. miRNAs has a different
expression at an extreme dynamic range in different tissues, cells and even in different stages [10, 11].
miRNAs are not only involved in most cells biological processes including proliferation, apoptosis and differentiation, but also implicated
in many human diseases. microRNAs could be
salivary markers for periodontal Diseases [12].
Na HS et al. found miRNA-128 may be involved
in mitigating the inflammatory response in periodontitis [13]. In the case of PDLSCs injury
induced by nicotine, Ng et al. reported a miRNA
proﬁle changes in nicotine-treated PDLSCs and
observed two signiﬁcantly up-regulated microRNAs including miR-1305 and miR-18b were
in PDLSCs from smoker [14]. And then based
on the results of Ng et al., Chen et al. confirmed the function of miR-1305 in nicotine-treated
PDLSCs and showed the mechanism involved
with RUNX2 [15]. But miR-18b is still not be
confirmed and further researched. Therefore,
the present study was designed to confirm the
miR-18b level change in nicotine-treated PDLSCs from both health subject and smoker and
reveal the function of miR-18b in here.
Materials and methods
Isolation and culture of PDLSC
Periodontal ligament (PLD) tissues were collected from 5 smoker patients with and 5 agematched non-smoker patients undergoing routine extraction for orthodontic reasons in the
department of stomatology, the second hospital of Lanzhou University [16]. The PDLSCs
were isolated and cultured according to the protocol mentioned in Gronthos’s studies. In brief, obtained PLD tissues were cut into small
pieces and digested by collagenase type I and
dispase. After digestion, the tissue explants
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were seeded into culture dishes with a-MEM
medium supplemented with 10% fetal bovine
serum (changed every 3 days). The cells were
incubated at 37°C in a humidified atmosphere
of 5% CO2. Then single-cell suspensions of cells were cloned using the limiting-dilution method in order to further isolate. The stem cell
properties, including stem cell marker expression and differentiation were detected to confirm the establishment of PDLSC cell line.
Passage 3-5 cells were used in further study.
This study was approved by the Ethics Committee of the Second Hospital of Lanzhou
University and the informed consents were
obtained from patients enrolled in.
Nicotine treatment for PDLSC
PDLSCs from non-smoker patients were seeded into 60 mm dishes (1×105 cells/dish) and
cultured 24 h. After 24 h, nicotine was added
into the medium, the final concentration of
nicotine was 0, 0.25, 0.5 and 1.0 µM. Nicotine-treated PDLSCs were cultured for 3 days.
The medium was changed every 24 h and fresh nicotine was added after medium changing
in order to maintain the constant concentration.
Quantitative real-time PCR assay for microRNA-18b
Total RNAs of PDLSCs from smoker patients,
non-smoker and nicotine-treated PDLSCs from non-smoker were extracted using TRIzol
reagent (Thermo Fisher Scientific Inc., USA) in
accordance with the manufacturer’s protocol.
cDNA was synthesized by microRNA reverse
transcription KIT: miScript II RT Kit (QIAGEN)
following the manufacturer’s instructions. Quantitative real-time PCR (qRT-PCR) was performed using SYBR green reagent: miScript
SYBR® Green PCR Kit (QIAGEN). The miR-18b
level in each sample was calculated by 2-DDCT
method. SNORD-48 was served as a reference
gene.
Regulation of miR-18b in PDLSCs by transfection
PDLSCs were seeded into the 6-wells plate at
a 100000 cells/well and cultured until 70%
confluency was reached. microRNA-18b inhibitor and all-star negative controls (QIAGEN)
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ed by BMG LABTECH microplate reader (BioGene Technology Ltd., Hong Kong).
Cell apoptosis assay

Figure 1. miR-18b expression analyses of human
PDLSC from non-smokers and smokers.

At 48 h after transfection, PDLSCs were seeded into 6-well plates and treated with 1.0 µM
nicotine for 48 h. Cells were collected and then
stained with Annexin V-FITC and propidium
iodide (Sigma-Aldrich), washed with PBS for
three times, and analyzed on a guava Flow
Cytometry easy Cyte Systems. PDLSCs without
any treatment was used as an untreated control.
Cell migration assay
Transfected PDLSCs were seeded into 60 mm
dishes and scratch wounds were created with
pipette tips when cells got more than 90% confluence. Then serum-deprived medium was
added and cells treated with 1.0 µM nicotine.
After 48 h, 0.5 mg/ml bovine serum albumin
was added into dishes for stimulating migration. The 24 h traveling distance of PDLSCs
was measured by time-lapse microscope (using PDLSCs without any treatment as untreated control).
Detection of osteogenic differentiation markers

Figure 2. The level changes of miR-18b in PDLSCs
treated with different nicotine concentrations.

were transfected into PDLSCs at a final concentration of 50 nM using lipofectaminTM RNAiMAX reagent according to the manufacturer’s instructions. The effect of microRNA knockdown was confirmed by qRT-PCR after
48 h.
Cell proliferation analysis
At 48 h after transfection with microRNA-18b
inhibitor and all-star negative controls, PDLSCs were seeded into 96-well plates containing medium with 1.0 µM nicotine and cultured
for 5 days. Cell Titer-Blue® Assay reagent was
used to detected the proliferation of PDLSCs
(using PDLSCs without any treatment as untreated control). On each time point medium
was discarded and 72 µL Cell Titer-Blue reagent (1:10 diluted) was added to each well. The
fluorescence value at 560 nm of was measur-
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Transfected PDLSCs were seeded into 6-well
plates at a 100000 cells/well and cultured in
osteogenic differentiation medium (DMEM containing 10% fetal bovine serum, 100 nM dexamethasone, 50 µg/ml of ascorbic acid and
10 mM of b-glycerophosphate). After 48 h,
1.0 µM nicotine was supplemented. The medium was changed every 24 h and fresh nicotine
was added after medium changing. After 7
days, medium samples were collected. ALP
activity was detected by ELISA kit. The mRNA
and protein level changes of RUNX2, OCN and
OPN were analyzed by qRT-PCR and western
blot, respectively.
Prediction of downstream mRNA targets of the
miR-18b and gene ontology analysis
Downstream mRNA targets of the miR-18b
were predicted by TargetScan online tool
(http://www.targetscan.org/vert_71/). The predicted potential target gene list was added into DAVID Bioinformatics Resources 6.7 online
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Figure 3. The influence of miR-18b mimics transfection on nicotine-induced inhibitory effect. A:
Down-regulation of miR-18b could relieve the
inhibitory effects of nicotine on proliferation. B:
Down-regulation of miR-18b could relieve nicotine induced apoptosis in PDLSCs. (a) The apoptosis rate of PDLSCs in each group; (b) The apoptosis in PDLSCs was analysed by flow cytometry
using Annexin V-PI staining. C: Down-regulation of
miR-18b could increase the migration distance of
nicotine-treated PDLSCs. (a) 24 h migration distance changes of PDLSCs; (b) The migration of
PDLSCs was observed by microscope (40×).

tool7 (HTTP://david.abcc.ncifcrf.gov/) then gene enrichment, gene ontology analysis and
pathway prediction were performed. An enrichment score greater than 1.3 was considered as significant.
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Statistical analysis
The statistical calculations were performed
IBM SPSS Statistics 20 (SPSS Inc., Chicago,
IL). Statistical analyses included comparisons
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with the t-test and one-way ANOVA. P<0.05
was considered statistically significant.
Results
miR-18b increased in PDLSCs from smoker
and nicotine-treated PDLSCs
As shown in Figure 1, miR-18b level in PDLSCs from smoker was significantly higher than
PDLSCs from smoker non-smoker (P<0.05),
the relative fold change was 2.53±0.09. In
PDLSCs from non-smokers, nicotine treatment
promoted the miR-18b level in a dose-dependent manner, compared with untreated PDLSCs the difference were statistically significant
in cells treated with 0.5 and 1.0 µM nicotine
(P<0.05, Figure 2).
Regulating miR-18b in PDLSCs could relieve
the inhibitory effect of nicotine on proliferation, migration and apoptosis

Figure 4. miR-18b expression regulation have no effect on osteogenic differentiation of nicotine-treated
PDLSCs. A: The ALP activity was inhibited by nicotine,
down-regulation of miR-18b could not relieve this effect; B: miR-18b inhibitor transfection has no influence with the mRNA level changes of osteogenic differentiation markers in nicotine-treated PDLSCs; C:
miR-18b inhibitor transfection has no influence with
the protein level changes of osteogenic differentiation markers in nicotine-treated PDLSCs.
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1.0 µM Nicotine suppresses proliferation, the
relative cell viability value was lower in nicotine-treated cells, compared with untreated control (Figure 3A, P<0.05). Restoration of miR18b relieves the inhibitory effect of 1.0 µM nicotine on proliferation, miR-18b inhibitor transfected PDLSCs still showed proliferation inhibition compared with untreated control (P<
0.05), but it had a higher cell viability than allstar transfected cells at all detection point
(P<0.05). Compared with untreated PDLSCs,
nicotine exposure for 48 h could induce apoptosis, a (37.5±5.9)% apoptosis rate was detected in all stat transfected cells, but the
apoptosis rate was (21.5±3.4)% in miR-18b
inhibitor transfected cells (P<0.05, Figure 3B).
Cell migration assay indicated that the traveled distance of nicotine-treated PDLSCs was
significantly short compared with the PDLSCs
without nicotine treatment (Figure 3C, P<
0.05). After transfected with miR-18b inhibitor,
the migration distance of nicotine-treated PDLSCs was increased compared with all-star
transfected cells (P>0.05).
Regulating miR-18b in PDLSCs could not
change the osteogenic differentiation markers
To estimate the osteogenic differentiation changes of PDLSCs after nicotine treatment, ALP
activity and osteogenic differentiation marker
genes (RUNX2, OCN and OPN) were detected.
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Table 1. The gene ontology analysis of the predicted target genes for the miR-18b
Biological process

Count

Negative regulation of nitrogen compound metabolic process (GO:0051172)
Protein localization (GO:0008104)
Cellular localization (GO:0051641)
Nervous system development (GO:0007399)
Regulation of cellular component organization (GO:0051128)
Negative regulation of cellular metabolic process (GO:0031324)
Nucleobase-containing compound biosynthetic process (GO:0034654)
RNA biosynthetic process (GO:0032774)
Heterocycle metabolic process (GO:0046483)
Organic cyclic compound biosynthetic process (GO:1901362)

Table 2. The top 10 pathways that may be
involved with target genes of miR-18b
Pathway name
P value
Thyroid hormone signaling pathway
0.01
cGMP-PKG signaling pathway
0.02
Vitamin digestion and absorption
0.02
Wnt signaling pathway
0.02
SNARE interactions in vesicular transport 0.02
Oxytocin signaling pathway
0.03
Purine metabolism pathway
0.03
MAPK signaling pathway
0.03
Axon guidance
0.03
mTOR signaling pathway
0.04

As shown in Figure 4A, nicotine treatment
significantly inhibited the ALP activity in PDLSCs, compared with untreated cells (P<
0.05). Meanwhile, the mRNA and protein level
of RUNX2, OCN and OPN decreasing were confirmed by q-RT-PCR (Figure 4B) and western
blot (Figure 4C) in nicotine-treated PDLSCs.
miR-18b inhibitor transfected PDLSCs also showed lower ALP activation and decline of RUNX2, OCN and OPN after nicotine treatment,
Most importantly, no significant difference was
observed between miR-18b inhibitor transfected PDLSCs and all star transfected cells. It indicated that regulating miR-18b cannot relieve
the inhibitory effect of nicotine on osteogenic
differentiation.
Target prediction of miR-18b and gene ontology analysis of the predicted target genes
To identify miR-18b-targeted mRNAs, target
prediction for all miR-18b was performed using
the validated target search engine (TargetScan
3609

111
132
145
156
162
159
203
180
313
215

Enrichment
score
1.56
1.51
1.49
1.46
1.44
1.42
1.38
1.38
1.37
1.37

P value
2.73E-02
1.74E-02
9.97E-03
1.08E-02
1.54E-02
4.44E-02
9.38E-03
4.87E-02
6.60E-06
5.36E-03

online tool). A total of 981 genes were predicted to be targeted by miR-18b. To further understand the biological functions of miR-18b and
its potential target genes, a simple gene enrichment and gene ontology analysis was performed by DAVID Bioinformatics Resources.
According to the results of gene ontology analysis, miR-18b may target the genes involved
with protein localization and cellular localization. The top ten involved biological process
were shown in Table 1. Moreover, we assessed
the predicted target genes of miR-18b with the
KEGG database, the top 10 pathways that
may be involved with target genes of miR-18b
were shown in Table 2.
Discussion
Cigarette smoking is firstly exposed to the oral tissues; therefore the consequences to oral
tissues induced by cigarette smoking should
not be ignored. It has long been proven by epidemiological studies that cigarette smoking is
one of the main lifestyle-related risk factors
associated with [17, 18]. According to a questionnaire survey conducted by our department,
73.6% of patients with periodontal disease
have a smoking history. However, the pathophysiological mechanism of cigarette smoking
in periodontal disease has yet to be clarified
clearly. Nicotine is a key component of cigarette smoke which constitutes approximately 3%
of the dry weight of tobacco and contributes
to most of the adverse effects of cigarette
smoking. When cigarette smoke is inhaled, the
epithelial surface of the oral tissue are exposed to nicotine with a high localized doses and
it also exerts systemic effects such as impairing inflammatory and immune responses to periodontal pathogens [19, 20]. Therefore, in the
Int J Clin Exp Med 2018;11(4):3604-3611
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present study, we focused on the nicotine
among thousands of chemical in cigarette smoking. Several in vitro studies have already demonstrated that nicotine can inhibit the migration, attachment, proliferation and differentiation potentials of PDLSCs. But the mechanism is still worth being studying due to the
import role of in periodontal tissue maintenance, regeneration and the healing process
of periodontal disease healing process. Protecting the PDLSCs from nicotine-induced injury may be a prevention or therapy strategy for
in periodontal disease in smokers [21].
In the present study, we found that treatment
of nicotine had an inhibitory effect on PDLSCs. In brief, the proliferation rate of PDLSCs
was decreased by nicotine in a dose-dependent manner. Higher apoptosis rate was detected after nicotine treatment Meanwhile, the
traveling distance of PDLSCs was shorten significantly, compared with nicotine untreated
PDLSC. In the other hand, the osteogenic differentiation markers also changed in nicotinetreated PDLSCs which suggested that nicotine suppresses the osteogenic differentiation
potential of PDLSCs. These tree processes are
crucial for the regeneration of PDLSCs. In particular, regular cell proliferation provides an
adequate amount of PDLSCs stem exerting a
regenerative effect and in contrast, reduced
proliferation led to a reduction in available
adult stem cells. Cell migration is also necessary; it allows PDLSCs move towards the injury area. In order to exert the repair function,
correct osteogenic differentiation of PDLSCs is
a key [22, 23].
We also tried to reveal the potential molecular mechanism of nicotine-induced injury on
PDLSCs. We analyzed the level difference of
miR-18b in PDLSCs from smoker and nonsmoker and also compared the expression changes between nicotine-treated and untreated
PDLSCs. We selected miR-18b as an interesting target gene based on Ng’s report [14]. In
the previous study, Ng et al. reported the first
global miRNA expression profile of nicotinetreated PDLSCs and identified 16 differentially expressed miRNAs. Among them, hsa-miR1305 and hsa-miR-18b were up-regulated dramatically. miR-1305 was already confirmed in
the other study, it suggested that restoration
of miR-1305 relieves the inhibitory effect of
nicotine on periodontal ligament-derived stem cell proliferation, migration, and osteogenic
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differentiation [15]. Moreover, this studied elucidated the potential mechanism; they proved
that miR-1305 may relieve the inhibitory effect
of nicotine on PDLSCs depending on its target
RUNX2. We found that miR-18b up-regulated
in PDLSCs smoker and also increased in nicotine-treated PDLSCs that form non-smoker.
After transfected into the nicotine-treated PDLSCs, we observed that inhibited proliferation
and migration was recovered, moreover, the
apoptosis induced by nicotine also decreased
after miR-18b inhibitor transfection. However,
there is no influence on differentiation markers
in nicotine-treated PDLSCs after transfection.
But in Chen’s study, they found miR-1305 might
target on Runx2 which is associated with bone
development.
The limitation of this study is that we only predicted the potential targets of miR-18 using
bioinformatics tools but did not confirm any
potential target gene of miR-18b and its functions or mechanism in nicotine-treated PDLSCs by experiments such as qRT-PCR. However,
we did gene ontology analysis for these potential targets. The gene ontology analysis result
revealed that miR-18b may target the genes
involved in with protein localization and cellular
localization. Moreover, miR-18b may cross with
MAPK signaling pathway or Wnt signaling pathway which can regulate proliferation and
apoptosis.
In conclusion, this study proved that the proliferation, migration, and osteogenic differentiation human could be inhibited by exposure to
nicotine and miR-18b may be a crucial regulator in these nicotine-associated functional changes.
Acknowledgements
Thanks to PhD students and technicians in
our department for their help in sample collection and data calculation. The financial support
was from Department of Stomatology, the Second Hospital of Lanzhou University.
Disclosure of conflict of interest
None.
Address correspondence to: Baodi Han, Department
of Stomatology, The Second Hospital of Lanzhou
University, 82 Cuiyingmen Lanzhou, Lanzhou 730030, Gansu Province, China. Tel: +49 15145769133;
E-mail: hanbd.oral@gmail.com

Int J Clin Exp Med 2018;11(4):3604-3611

Effects of microRNA-18b on PDLSCs
References
[1]

Lai H, Su CW, Yen AM, Chiu SY, Fann JC, Wu
WY, Chuang SL, Liu HC, Chen HH, Chen LS. A
prediction model for periodontal disease: modelling and validation from a national survey of
4061 Taiwanese adults. J Clin Periodontol
2015; 42: 413-21.
[2] Velosa-Porras J, Escobar-Arregoces F, LatorreUriza C, Ferro-Camargo MB, Ruiz ÁJ, UrizaCarrasco LF. Association between periodontal
disease and endothelial dysfunction in smoking patients. Acta Odontol Latinoam 2016; 29:
29-35.
[3] Pihlstrom BL, Michalowicz BS, Johnson NW.
Periodontal diseases. Lancet 2005; 366:
1809-20.
[4] Bulmanski Z, Brady M, Stoute D, Lallier TE.
Cigarette smoke extract induces select matrix
metalloproteinases and integrin expression in
periodontal ligament fibroblasts. J Periodontol
2012; 83: 787-96.
[5] Giannopoulou C, Geinoz A, Cimasoni G. Effects
of nicotine on periodontal ligament fibroblasts
in vitro. J Clin Periodontol 1999; 26: 49-55.
[6] Zhou Z, Li B, Dong Z, Liu F, Zhang Y, Yu Y, Shang
F, Wu L, Wang X, Jin Y. Nicotine deteriorates the
osteogenic differentiation of periodontal ligament stem cells through alpha7 nicotinic acetylcholine receptor regulating Wnt pathway.
PLoS One 2013; 8: e83102.
[7] Chen FM, Gao LN, Tian BM, Zhang XY, Zhang
YJ, Dong GY, Lu H, Chu Q, Xu J, Yu Y, Wu RX, Yin
Y, Shi S, Jin Y. Treatment of periodontal intrabony defects using autologous periodontal ligament stem cells: a randomized clinical trial.
Stem Cell Res Ther 2016; 7: 33.
[8] Su Y, Liu D, Liu Y, Zhang C, Wang J, Wang S.
Physiologic levels of endogenous hydrogen sulfide maintain the proliferation and differentiation capacity of periodontal ligament stem
cells. J Periodontol 2015; 86: 1276-86.
[9] Kim SH, Kim KH, Seo BM, Koo KT, Kim TI, Seol
YJ, Ku Y, Rhyu IC, Chung CP, Lee YM. Alveolar
bone regeneration by transplantation of periodontal ligament stem cells and bone marrow
stem cells in a canine peri-implant defect model: a pilot study. J Periodontol 2009; 80: 181523.
[10] Sehic A, Tulek A, Khuu C, Nirvani M, Sand LP,
Utheim TP. Regulatory roles of microRNAs in
human dental tissues. Gene 2017; 596: 9-18.
[11] Yue J, Song D, Lu W, Lu Y, Zhou W, Tan X, Zhang
L, Huang D. Expression profiles of inflammation-associated micrornas in periapical lesions
and human periodontal ligament fibroblasts
inflammation. J Endod 2016; 42: 1773-1778.
[12] Schmalz G, Li S, Burkhardt R, Rinke S, Krause
F, Haak R, Ziebolz D. MicroRNAs as salivary
markers for periodontal diseases: a new diagnostic approach? Biomed Res Int 2016; 2016:
1027525.

3611

[13] Na HS, Park MH, Song YR, Kim S, Kim HJ, Lee
JY, Choi JI, Chung J. Elevated MicroRNA-128 in
periodontitis mitigates tumor necrosis factoralpha response via p38 signaling pathway in
macrophages. J Periodontol 2016; 87: e17382.
[14] Ng TK, Huang L, Cao D, Yip YW, Tsang WM,
Yam GH, Pang CP, Cheung HS. Cigarette smoking hinders human periodontal ligament-derived stem cell proliferation, migration and differentiation potentials. Sci Rep 2015; 5: 7828.
[15] Chen Z, Liu HL. Restoration of miR-1305 relieves the inhibitory effect of nicotine on periodontal ligament-derived stem cell proliferation, migration, and osteogenic differentiation.
J Oral Pathol Med 2016; 2017; 46: 313-320.
[16] Wada N, Maeda H, Hasegawa D, Gronthos S,
Bartold PM, Menicanin D, Fujii S, Yoshida S,
Tomokiyo A, Monnouchi S, Akamine A. Semaphorin 3A induces mesenchymal-stem-like
properties in human periodontal ligament
cells. Stem Cells Dev 2014; 23: 2225-36.
[17] Pullishery F, Panchmal GS, Siddique S. Salivary
thiocyanate, uric acid and pH as biomarkers of
periodontal disease in tobacco users and nonusers- an in-vitro study. J Clin Diagn Res 2015;
9: Zc47-50.
[18] Vogtmann E, Graubard B, Loftfield E, Chaturvedi A, Dye BA, Abnet CC, Freedman ND. Contemporary impact of tobacco use on periodontal
disease in the USA. Tob Control 2017; 26: 237238.
[19] Lallier TE, Maturin E, Brady M, Stoute D, Ward
T. Resistance to cigarette smoke is increased
in periodontal ligament cells by attachment to
collagen and fibronectin. J Periodontol 2015;
86: 91-100.
[20] Sadaoka S, Yagami K, Maki S. Nicotine in cigarettes promotes chromogranin A production by
human periodontal ligament fibroblasts. Arch
Oral Biol 2013; 58: 1029-33.
[21] Kang SK, Park YD, Kang SI, Kim DK, Kang KL,
Lee SY, Lee HJ, Kim EC. Role of resistin in the
inflammatory response induced by nicotine
plus lipopolysaccharide in human periodontal
ligament cells in vitro. J Periodontal Res 2015;
50: 602-13.
[22] Abd Rahman F, Mohd Ali J, Abdullah M, Abu Kasim NH, Musa S. Aspirin enhances osteogenic
potential of periodontal ligament stem cells
(PDLSCs) and modulates the expression profile of growth factor-associated genes in
PDLSCs. J Periodontol 2016; 87: 837-47.
[23] Dorđević IO, Kukolj T, Krstić J, Trivanović D,
Obradović H, Santibañez JF, Mojsilović S, Ilić V,
Bugarski D, Jauković A. The inhibition of periodontal ligament stem cells osteogenic differentiation by IL-17 is mediated via MAPKs. Int J
Biochem Cell Biol 2016; 71: 92-101.

Int J Clin Exp Med 2018;11(4):3604-3611

