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Abstract

Background: Nicotine is an important risk factor and the main toxic component associated with periodontitis. How-
ever, the mechanism of nicotine induced periodontitis is not clear. To investigated the mechanism through which
nicotine regulates autophagy of human periodontal ligament cells (hPDLCs) through the alpha? nicotinic acetylcho-
line receptor (a7 NAChR) and how autophagy further regulates the release of IL-1(3 and IL-8 secretion in hPDLCs.

Methods: HPDLCs were obtained from root of extracted teeth and pre-incubated in alpha-bungarotoxin (a-BTX) or
3-Methyladenine (3-MA), followed by culturing in nicotine. We used a variety of experimental detection techniques
including western blotting, immunofluorescence, enzyme-linked immunosorbent assay (ELISA), transmission electron
microscopy (TEM) and RT-gPCR to assess the expression of the LC3 protein, autolysosome, and release of IL-13 and
IL-8 from hPDLCs.

Results: Western blots, immunofluorescence and TEM results found that the nicotine significantly increased the
autophagy expression in hPDLCs that was time and concentration dependent and reversed by a-BTX treatment (p <
0.05). RT-gPCR and ELISA results revealed a noticeable rise in the release of inflammatory factors IL-1(3 and IL-8 from
hPDLCs in response to nicotine. RT-qgPCR and ELISA results showed that nicotine can significantly up-regulate the
release of inflammatory factors IL.-18 and IL-8 in hPDLCs, and this effect can be inhibited by 3-MA (p < 0.05).

Conclusions: Nicotine regulated autophagy of hPDLCs through a7 nAChR and in turn the regulation of the release
of inflammatory factors 1L-1f3 and 1L-8 by hPDLCs.
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Background

Periodontitis is a chronic progressive infectious dis-
ease with a high prevalence of 45-50% overall, with the
most severe form affecting 11.2% of the world’s popu-
lation, being the sixth most common human disease
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in human periodontal tissues, promote alveolar bone
resorption, and ultimately lead to tooth loss [5].

Alpha7 nicotinic acetylcholine receptor (a7 nAChR) is
a predominant subunit of nicotinic acetylcholine recep-
tors (nAChRs), as well as a potent target of the nicotine
binding receptor [6]. Previously, we had demonstrated
the functional expression of a7 nAChR in periodontal
ligament (PDL) tissues and human periodontal ligament
cells (hPDLCs). Nicotine can enhance the expression of
a7 nAChR in PDL tissues and hPDLCs, activate inflam-
mation-related signaling pathways, and further regulate
the secretion of inflammatory cytokines such as IL-1p
and IL-8 [6-8].

Autophagy is an essential cellular mechanism which
plays “housekeeping” role in normal physiological pro-
cesses including removing of long lived, aggregated and
misfolded proteins, clearing damaged organelles, growth
regulation and aging [9].

Autophagy is a dynamic multi-step process that
involves the formation of autophagosomes, fusion of the
autophagosome with the lysosome to form the autolyso-
some, and finally the degradation of the contents in the
autolysosome [10, 11].The measurement of fluorescently
labeled LC3 puncta and autolysosomes in cells can be
used as a method to quantify autophagy [10].

Autophagy could influence the pathogenesis of various
inflammatory disorders [12]. Recent studies have shown
evidences of autophagy in periodontal tissue, which may
be involved in periodontitis [9]. For instance, the expres-
sion of autophagy-related factors was elevated in perio-
dontitis [13]. In addition, autophagy also exerted multiple
effects on hPDLCs in different conditions [14]. In current
years, the interaction between nicotine and autophagy
has been discussed [15]. Additionally, nicotine regulated
the autophagy process via nAChRs in other cell types
[16]. So, we assume that autophagy may also participate
in smoking-related periodontitis via the regulation of
inflammation-related signaling that leads to inflamma-
tory disorders and periodontal tissue damage.

Given this, the aim of the study was to investigate
the mechanism which nicotine regulated autophagy of
hPDLCs through the o7 nAChR and how autophagy fur-
ther regulated the secretion of inflammatory factor IL-1p
and IL-8 in hPDLCs.

Methods

Isolation and culturing of hPDLCs

The current study included caries free and periodon-
tally healthy premolars (n=14) that were extracted due
to the orthodontic reasons from young patients (12—
16 years). We received approval from the institutional
Ethical Review Board at the School of Stomatology, the
Fourth Military Medical University, China. The children’s
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parents/guardians were informed about the purpose
of the study and inclusion of the extracted teeth in the
research and provided informed consent in written for-
mat. The extracted teeth were cleaned and stored in the
DMEM (Hyclone) containing 15% fetal calf serum (FCS)
(Hyclone) and antibiotics (Invitrogen). Isolation and cul-
turing of hPDLCs was performed as described previously
[17]. In order to avoid contamination from the gingival
and pulpal tissues, PDL tissues were excised from the
middle third of the root using a sharp scalpel. PDL tis-
sues were seeded in a six-well plate (Hyclone) and cul-
tured at 37 °C in a humidified atmosphere with 95% air
and 5% CO,. The medium was changed every 3 days.
After achieving the confluence, the cell layers were sub-
cultured and used for further experiments.

Treatment with nicotine, a-BTX and 3-MA

Based on previous studies [8, 18], this study designed that
nicotine (Sigma) was administrated to hPDLCs either at
variable concentrations (1074 107>, 107, 107 mol/L) for
12 h, or a fixed concentration (10~ mol/L) for a variable
period of time (3, 6, 9, 12 and 24 h). In order to prove
that nicotine-induced autophagy of hPDLCs was medi-
ated by a7 nAChR, according to previous studies [6,
8], we pretreated hPDLCs with a-BTX (10~% mol/L, a7
nACHhR specific receptor antagonist) (Tocris Bioscience),
for 30 min before nicotine (10~> mol/L, 12 h) stimula-
tion. To further examine whether autophagy played a
role in the secretion of inflammatory factors in hPDLCs,
according to the literature report [19, 20], we pretreated
hPDLCs with 3-methyladenine (3-MA) (10~ mol/L, a
PI3K inhibitor that effectively blocks autophagy) (Sigma),
for 30 min before nicotine (10~ mol/L, 12 h) stimulation,
the expression of autophagy and the secretion of IL-1p
and IL-8 were detected.

Protein isolation and Western blot

Protein extraction was performed as described previ-
ously [21]. To prepare the total cell lysate, the cells (den-
sity, 1 x 10° cells/dish) were seeded and then treated with
nicotine, a-BTX, or 3-MA various agents, cell proteins
were isolated using the Nuclear Extract Kit (Sangon Bio-
tech). The BCA kit (Thermo) was used to calculate pro-
tein concentration in the solution. Proteins (40 pg/lane)
were isolated with SDS-PAGE and then transferred to a
PVDF membrane (Millipore). Following blocking with
5% skimmed milk dissolved in Tris-buffered saline con-
taining 0.1% Tween-20 at 37 °C for 1 h, the membranes
were probed with primary antibodies against: LC3B,
Beclin-1, GAPDH (Cell Signaling Technology) at 4 °C
overnight. After three washes, membranes were incu-
bated with secondary antibody for 1 h at 37 °C. An Infra-
red Imaging System (Odyssey) was used to assess blots.
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Representative results from one of three independent
experiments were shown.

Immunofluorescence

For immunofluorescence, the cells were fixed in 4%
paraformaldehyde for 30 min, washed using the PBS
(Hyclone), permeabilized at room temperature using the
0.5% Triton X-100 and blocked with BSA (Sigma) for 2 h.
Cells were then incubated with LC3B primary antibody
(Cell Signaling Technology) at the 1:200 dilution. Cells
were washed using PBS and incubated with the FITC-
labeled secondary antibody (1:1000). Cell nuclei stained
by the Hoechst (Sigma) were analyzed using a fluores-
cence microscope (Olympus FV1000). In this study, the
method of immunofluorescence point counting was
described previously [22]. Representative results from
one of three independent experiments are shown.

Transmission electron microscope assays (TEM)

The TEM samples as prepared as were described previ-
ously [23]. Briefly, cells were fixed using the 2.5% glu-
taraldehyde in 0.1 mol/L cacodylate buffer for 30 min.
Representative ultra-thin sections were analyzed using
standard TEM methods. Representative results from one
of three independent experiments are shown.

Real-time quantitative polymerase chain reaction
(RT-qPCR)

In order to detect IL-1 and IL-8 expression, total RNA
was isolated and RT-qPCR assay were performed as
described previously [24]. Briefly, we used TRIZOL rea-
gent (Takara) to extract the total RNA according to the
manufacturer’s instructions and the PrimeScript RT
reagent Kit (Takara) to synthesize the cDNA. All experi-
ments were conducted in triplicate using Mastercyclerep
realplex (Eppendorf AG) and GAPDH as an internal
standard. The following primer sequences were used:
human IL-1f forward: 5-ATGATGGCTTATTACAGT
GGCAA-3 and reverse, 5-GTCGGAGATTCGTAG
CTGGA-3’; human IL-8 forward: 5-TTGCCAAGGAGT
GCTAAAGAA-3 and reverse, 5-GCCCTCTTCAAA
AACTTCTCC-3; GAPDH forward 5-ACCCACTCC
TCCACCTTTG-3” and reverse, 5-ATCTTGTGCTCT
TGCTGGG-3! Gene expression was calculated using
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the 272244 method [25]. Experiments were performed in
triplicate.

Enzyme linked immunosorbent assay (ELISA)

Cell culture supernatants were analyzed using ELISA for
detecting IL-1p and IL-8 release as described previously
[26]. The highly sensitive ELISA kits from R&D systems
(Minneapolis) were used to analyze IL-1p and IL-8 con-
centrations and normalized to the number of cells. The
supernatants were thawed once and all assays were run at
the same time. Each set of experiments was performed in
triplicate.

Statistical analysis

All data from triplicate experiments was analyzed using
the SPSS software (Version 21, IBM) and presented as
mean +standard deviation (SD). Student’s t-test was
used to compare the control and treatment groups, and
multiple comparisons were performed using one-way
ANOVA. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Nicotine increased LC3 fluorescence puncta

and autolysosomes in hPDLCs in vivo

According to immunofluorescence results (Fig. 1A, B),
nicotine (10> mol/L) treatment of hPDLCs for 3 h sig-
nificantly increased LC3 fluorescence puncta (p<0.001).
The increase peaked at 12 h of nicotine treatment
(»<0.0001) and decreased after that (p<0.05). Using
a nicotine application length to hPDLCs for 12 h, we
observed dose-dependent increases in LC3 fluorescence
puncta around the nucleus (Fig. 1C, D). In our previ-
ous study, it was found that the nicotine concentration
was greater than 107> mol/L, and the activity of hPDLCs
was significantly reduced [18]. As nicotine (10> mol/L)
treatment for 12 h significantly enhanced autophagy in
hPDLCs, these conditions were chosen for subsequent
experiments.

In subsequent experiments, we verified the forma-
tion of autolysosomes in hPDLCs using TEM under the
action of nicotine at this concentration (10> mol/L) and
time (12 h). TEM results (Fig. 1E, F) showed that there
were more autolysosomes in nicotine-treated hPDLCs

(See figure on next page.)

***p <0.001, ****p <0.0001)

Fig. 1 Nicotine increased LC3 fluorescence puncta and autolysosomes in hPDLCs. A LC3 fluorescence puncta in hPDLCs after nicotine (1 0~> mol/L)
treatment at time (0, 3, 6, 12, 24 h) as determined by immunofluorescence using confocal laser scanning microscopy. Scale bars represent 100 um.
B Bar graph showing the number of LC3 fluorescence puncta per cell for at least 10 cells per group. C LC3 fluorescence puncta in hPDLCs after
nicotine (107%,107°, 107%, 10~ mol/L) treatment at 12 h as determined by immunofluorescence using confocal laser scanning microscopy. Scale
bars represent 100 um. D Bar graph showing the number of LC3 fluorescence puncta per cell for at least 10 cells per group. E The formation of
autolysosomes in hPDLCs induced by nicotine (107> mol/L, 12 h) was observed by TEM. Magnification, 40,000 x . Scale bar, 0.5 um. The red arrows
represent autolysosomes. F Quantitative analysis of autolysosomes in one cell, at least 3 cells in each group for statistics. (*p <0.05, **p < 0.005,
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than in the control group (»<0.001). The results of this
part indicate that nicotine can promote the formation of
autophagy in hPDLCs.

Effects of nicotine on hPDLCs autophagy were mediated
through a7 nAChR

In order to explore the role of a7 nAChR in nicotine-
induced autophagy of hPDLCs, we pretreated hPDLCs
with a-BTX (1078 mol/L, an a7 nAChR specific antago-
nist), for 30 min before nicotine (10~> mol/L, 12 h) stim-
ulation, and examined autophagy related protein and
autolysosomes expression. The autophagy expression of
hPDLCs was detected by immunofluorescence, Western
blot and TEM. According to immunofluorescence results
(Fig. 2A, B), nicotine treatment of hPDLCs significantly
increased LC3 fluorescence puncta (p<0.0001). Com-
pared with the nicotine group, the LC3 fluorescence
puncta in nicotine combined with «-BTX treatment
group were significantly reduced (p <0.001). There was no
significant difference in the number of LC3 fluorescent
puncta between the a-BTX alone group and the control
group. According to Western blot (Fig. 2C- E) and TEM
(Fig. 2F, G) results, we detected the LC3II and Beclin-1
protein expression and autolysosomes in hPDLCs, and
the results were consistent with immunofluorescence.
Therefore, a-BTX treatment blocked the regulation of
autophagy of hPDLCs by nicotine. This finding indicates
that the effects of nicotine on the autophagy of hPDLCs
are mediated by a7 nAChR.

Effects of 3-MA on the expression of nicotine-induced
autophagy of hPDLCs

To further examine the association between nicotine and
autophagy in hPDLCs, we pretreated hPDLCs with 3-MA
(1072 mol/L, a PI3K inhibitor that effectively blocks
autophagy), for 30 min before nicotine stimulation, and
examined autophagy related protein and autolysosomes
expression. Western blot results (Fig. 3A—C) showed that
nicotine significantly increased the expression of LC3II
and Beclin-1 in hPDLCs. Compared with the nicotine
group, LC3II and Beclin-1 protein expression in nicotine
combined with 3-MA treatment group was significant
decreased. We also analyzed the expression of autolys-
osomes by TEM (Fig. 3D, E), the results also showed a
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similar trend, indicating that 3-MA can inhibit nicotine-
induced autophagy of hPDLCs. It further illustrates the
role of PI3K pathway in nicotine-induced autophagy.

Nicotine may partly depend on the a7 nAChR-PI3K
pathway to induce hPDLC to secrete IL-1p and IL-8

In our previous study, we had repeatedly demonstrated
that nicotine induced the production of IL-1p and IL-8
in hPDLCs through a7 nAChR. To further investigate
whether autophagy is involved in the secretion of inflam-
matory cytokines in hPDLCs. RT-qPCR and ELISA were
used to detect the expression of inflammatory factors
in hPDLCs after nicotine and/or 3-MA treatment. RT-
qPCR results indicated that nicotine upregulated IL-1
and IL-8 mRNA expression in hPDLCs (Fig. 4A, B).
Compared with the nicotine group, the mRNA expres-
sion of IL-1f and IL-8 in nicotine combined with 3-MA
treatment group was significantly decreased (p<0.001,
p<0.05). IL-1B and IL-8 mRNA expression was not sig-
nificantly different between the 3-MA alone group and
the control group (p>0.05). ELISA results showed that
nicotine can significantly promote the secretion of IL-1
and IL-8 from hPDLCs (Fig. 4C, D), Compared with the
nicotine group, the secretion of IL-1f3 and IL-8 in nicotine
combined with 3-MA treatment group was significantly
decreased (p <0.005, p<0.0001). There was no significant
different in the secretion of IL-1p and IL-8 between the
3-MA treatment group and the control group (p>0.05).
Collectively, these results indicate that nicotine-induced
production of IL-13 and IL-8 from hPDLCs is partially
dependent on the a7 nAChR-PI3K pathway.

Discussion
This study explored the mechanism by which nicotine
regulated autophagy of hPDLCs and thereby up-regu-
lated the release of inflammatory factors from hPDLCs.
We found that nicotine significantly enhanced the
autophagy of hPDLCs and secretion of IL-1p and IL-8
through a7 nAChR thus aggravating the inflammatory
response of the periodontal tissues and periodontitis.
Autophagy is an intracellular process that degrades
organelles or cellular components in order to ensure the
maintenance of cell homeostasis [27]. Autophagy par-
ticipates in the renewal, pluripotency, differentiation,

(See figure on next page.)

**p <0.005, ***p <0.001, ****p <0.0001)

Fig. 2 Effects of nicotine and/or a-BTX on the expression of autophagy protein and autolysosomes in hPDLCs. A LC3 fluorescence puncta in
hPDLCs after nicotine and/or a-BTX as determined by immunofluorescence using confocal laser scanning microscopy. Scale bars represent 100 um;
B Bar graph showing the number of LC3 fluorescence puncta per cell for at least 10 cells per group; C LC3Il and Beclin-1 protein expression in
hPDLCs assessed by Western blot analysis; D LC3Il protein quantitative analysis. Data were expressed as mean = SD from at least three independent
experiments; E Beclin-1 protein quantitative analysis. Data were expressed as mean £ SD from at least three independent experiments; F TEM was
used to evaluate autophagy induced by nicotine (10> mol/L, 12 h) and/or a-BTX (10~ mol/L, 12.5 h). Magnification, 40,000x. Scale bar, 0.5 pm.
The red arrows represent autolysosomes; G Quantitative analysis of autolysosomes in one cell, at least 3 cells in each group for statistics (*p < 0.05,
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proliferation, and aging of stem cells [28]. Stem cells of
dental origin have gained increasing attention in recent
years due to their mesenchymal stem cells (MSC)-
like characteristics. Dental pulp stem cells activate
autophagy as a pro-survival cytoprotective mecha-
nism in response to hydroxyethyl methacrylate injury
[29]. Metformin may prevent cytotoxicity in hPDLCs
exposed to Polydopamine-templated hydroxyapatite
by reducing ROS via autophagy-related signaling path-
ways, and may also enhance osteogenic differentiation
in hPDLCs [30].

In recent years, studies have found that periodonti-
tis is closely related to autophagy of hPDLCs [31]. Nic-
otine is the subject toxic component in tobacco and an
important risk factor for periodontitis [32]. Prelimi-
nary research found nicotine can change the morphol-
ogy and structure of periodontal tissues cells and cause
pathological changes in periodontal tissues [18, 33]. To
investigate the role of nicotine in autophagy of hPDLCs,
hPDLCs were treated with different concentrations of
nicotine for different time. We found nicotine-induced
hPDLCs autophagy in a dose-and time-dependent man-
ner (Fig. 1). Consistent with this, nicotine enhanced the
autophagy expression in human cancer colon cells and
ocular smooth muscle cells, and the autophagy expres-
sion showed a nicotine concentration and time-depend-
ent [34, 35]. The results of our in vivo study revealed that
nicotine can up-regulate the autophagy expression of
hPDLCs.

a7 nAChR is a predominant subunit of nAChRs, as
well as a potent target of the nicotine binding recep-
tor [17]. In previous studies, we had confirmed the
functional expression of a7 nAChR in PDL tissues and
hPDLCs, and nicotine can up-regulate the expression
of a7 nAChR [7, 8, 33]. Some existing studies had con-
firmed the complex connection between nAChRs, nico-
tine and autophagy in other cell types [34]. Huang et al.
[36] reported that nicotine up-regulated the expression
of a7 nAChR and autophagy in SH-SY-5Y cells, and a7
nAChR specific antagonist (a-BTX) can inhibit nicotine-
induced autophagy. Consistent with this, in this study
we observed that a-BTX inhibited nicotine-induced
autophagy (Fig. 2), suggesting that a7 nAChR is related to
nicotine-induced autophagy of hPDLCs. To our knowl-
edge, this is the first report to prove that nicotine regu-
lates autophagy in hPDLCs via a7 nAChR.
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Autophagy plays an important role in the occurrence
and development of inflammation and immune response
[37]. In recent years, more and more studies in vitro and
in vivo have confirmed the role of autophagy in peri-
odontitis [9], but there is no sufficient evidence to con-
firm whether the role of autophagy in periodontitis is
protective or pathological [38]. An et al. [39] reported
that autophagy disorder in periodontitis was associated
with protection. Increased autophagy was required to
protect periodontal ligament stem cells from apoptosis
in inflammatory microenvironment. Alternatively, Tsuda
et al. [40] revealed that the overexpression of autophagy
induced cell death in gingival epithelial cell line, suggest-
ing its pathological involvement in periodontitis. In this
study, we found that after using nicotine, the autophagy
of hPDLCs was significantly enhanced, and the release of
IL-1p and IL-8 was enhanced through autophagy (Fig. 4).
This finding suggests that autophagy is related to the
pathogenesis of smoking-related periodontitis.

Previously, we had repeatedly demonstrated nicotine
induced the production of IL-1f3 and IL-8 via a7 nAChR
in hPDLCs [6, 8]. Studies found that nicotine up-regu-
lated the expression of IL-8 and IL-1f in human gingival
epithelial cells through the nAChR pathway [41]. IL-1B
is not only related to smoking-related periodontitis, but
increasing IL-1B can trigger a series of inflammatory
reactions and promote bone resorption [42]. IL-8 is asso-
ciated with periodontal status, the level of IL-8 in gingival
crevicular fluid is valuable in detecting the inflammation
of periodontal tissue [43]. It is speculated that IL-1f and
IL-8 could be potential therapeutic targets for smoking-
related periodontitis.

Autophagy plays a role in determining the fate of IL-1f
and IL-8 [44, 45]. Starved macrophages during inflamma-
some activation have been reported to secrete IL-1f3 in an
autophagy-dependent manner [46]. Furthermore, intra-
cellular IL-1P colocalized with LC3 puncta indicating the
intersection between the autophagy process and secre-
tion of IL-1P [47]. Autophagy was required for toll-like
receptor-mediated IL-8 production in intestinal epithelial
cells [48]. ATG can promote the release of IL-8 in human
airway epithelial cells, contributing to neutrophilic air-
way inflammation in the pathogenesis of adult asthma
[49]. In our research, we found that nicotine up-regulated
the expression of LC3II, Becline-1 protein and the secre-
tion of inflammatory factors IL-1p and IL-8. This result

(See figure on next page.)

Fig. 3 Effects of nicotine and/or 3-MA on the expression of autophagy-related markers in hPDLCs. A LC3Il and Beclin-1 expression in hPDLCs
assessed by Western blot analysis; B LC3ll protein quantitative analysis. Data were expressed as mean = SD from at least three independent
experiments; C Beclin-1 protein quantitative analysis. Data were expressed as mean £ SD from at least three independent experiments; D TEM was
used to evaluate autophagy induced by nicotine (10> mol/L, 12 h) and/or a-BTX (1078 mol/L, 12.5 h). Magnification, 40,000 . Scale bar, 0.5 pm.
The red arrows represent autolysosome; E Quantitative analysis of autolysosomes in one cell, at least 3 cells in each group for statistics (*p <0.05,

*¥p<0.005, ***p <0.001)
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Fig. 4 Effects of nicotine and/or 3-MA on the production of IL-13 and IL-8. A The relative expression of IL-13 mRNA from hPDLCs after nicotine and/
or 3-MA treatment; B The relative expression of IL-8 mMRNA from hPDLCs after nicotine and/or 3-MA treatment; C Release of IL-1(3 from hPDLCs after
nicotine and/or 3-MA application; D Release of IL-8 from hPDLCs after nicotine and/or 3-MA application. Data from three independent experiments
were presented as mean £ SD (*p < 0.05, **p < 0.005, ***p < 0.001, ****p < 0.0001)

can be inhibited by 3-MA, which is a PI3K inhibitor that
can effectively block autophagy (Figs. 3 and 4). PI3K is a
complex signaling system. We preliminarily confirmed
that the a7 nAChR/PI3K pathway can activate autophagy
by nicotine and promote the secretion of inflammatory
cytokines IL-1f and IL-8. The specific molecular mecha-
nism remains to be further studied.

In summary, nicotine regulated the autophagy level of
hPDLCs through o7 nAChR, and significantly enhanced
the secretion of IL-1p and IL-8, thereby aggravating
the inflammatory response of hPDLCs. Although we
reported interesting findings, these results were based
on the response of certain cells in vitro, rather than mim-
icking in vivo or clinical conditions. Animal models are
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needed for further studies to confirm the results of this
study. In addition, further research should be conducted
to explore the detailed molecular mechanisms involving
nicotine-a7 nAChR-autophagy pathway and smoking-
related periodontitis.

Conclusions

Nicotine regulated autophagy of hPDLCs through a7
nAChR and in turn the regulation of the release of
inflammatory factors IL-1p and IL-8 by hPDLCs. This
study provides experimental evidence for the patho-
logical development of smoking-related periodonti-
tis and sheds new light on developing smoking related
periodontitis.
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