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The Effect of Cigarette Smoking
And Low-Level Laser Irradiation
in RANK/RANKL/OPG Expression

Larissa Nogueira Soares Ribeiro', Patricia Maria Monteiro’®, Gabriel Dessotti
Barretto™, Kelly Galisteu LuizZ2*, Sandra Yasuyo Fukada Alves’™, Maria
Bernadete Sasso Stuani’

The objective of this study was to investigate the effects of low-level laser therapy (LLLT)
and cigarette smoke on alveolar socket osteoclastogenesis signaling after tooth extraction,
in rats. Sixty male Wistar rats were randomly assigned to four groups with 15 animals each:
Control Group (with right maxillary molar extraction - ME), Experimental | (with ME and LLLT),
Experimental Il (with ME and cigarette smoke) and Experimental |1l group (with ME, LLLT and
cigarette smoke). Euthanasia was performed at 3, 7 and 14 days postoperative. qRT-PCR was
used to evaluate expression of Tnfrsf11a (RANK), Tnfsf11 (Rankl) and Tnfrsf11b (OPG). Data
were submitted to statistical analysis using two-way ANOVA followed by Bonferroni test
(0=0.05). There was an upregulation of RANK, RANKL and OPG genes over all the time of
healing in Exp | group compared to control group. Exp Il group showed a decreased expression
of all genes over time, whereas Exp lll genes expression were higher than Exp Il values but
lower than Control and Exp | values over time. The results of this study concluded that the
LLLT had a positive effect, whereas cigarette smoke had a negative effect on RANK, RANKL
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and OPG gene expression in bone remodeling process.

Introduction

A favorable architecture of the alveolar ridge with
sufficient alveolar bone volume is essential to obtain a
functional and esthetic prosthetic rehabilitation, however
the alveolar crest height is often lowered after surgical
tooth extraction performed as pretreatment before
prosthetic treatment. Therefore, knowledge about the
healing process at extraction sites is essential to avoid
insufficient bone volume. Alveolar socket bone healing
after tooth extraction is a complex process, which involves
tissue repair and regeneration. It encompasses chemotaxis
of different cells into the wound, differentiation of
mesenchymal cells to osteoprogenitor cells, proliferation
of the committed bone-forming cells, synthesis of
extracellular matrix, mineralization of osteoid, maturation,
and bone remodeling (1).

Remodeling and healing of the bone tissues depend on
maintaining a delicate balance between bone resorption
by osteoclasts and bone formation by osteoblasts (2).
Acceleration of alveolar socket healing could be a good
strategy to improve residual alveolar ridge preservation.

Since remodeling bone requires controlled inflammatory
process, various studies have investigated the effect of low-
level laser therapy (LLLT) on pain relief, inflammation control
and modulation of bone resorption and apposition during
orthodontic tooth movement (3). In fact, the utilization of
LLLT for accelerating the bone healing can be considered. It
isasafe and relatively non-invasive technique, with minimal

remodeling, RANK, RANKL, OPG.

discomfort and without the risk of drug interactions and
side effects (4). In this context, the use of LLLT may be
beneficial after oral surgeries and its beneficial effects on
bone repair after tooth extraction has been described in
some studies (5,6).

Nicotine, due to its toxic effects, causes severe changes
in bone metabolism, such as an imbalance in proliferation,
differentiation and cell expression (7), inhibition of the
synthesis of specific angiogenic growth factors (8), besides
areduction in the alkaline phosphatase concentration and
the production of type | collagen by osteoblasts (9). Some
of the effects of nicotine may impair the repair process,
such as the release of catecholamines that decrease tissue
perfusion and altered fibroblast metabolism (10), as well
as decreased proliferation of red blood cells, macrophages
and fibroblasts (11). Other components of the smoke
are still related to changes in the repair process, such as
carbon monoxide, which decreases tissue oxygenation and
hydrogen cyanide that inhibits oxidative metabolism and
transport of oxygen at the cellular level (10,11).

Little is known regarding the role of LLLT on metabolic
pathway during the bone remodeling after tooth extraction.
Although there are some reports demonstrating the effect
of LLLT on remodeling bone, most of them showing an
acceleration on remodeling bone process compared to
the control group (12,13), there is a lack of studies on the
effect of LLLT correlating bone metabolism at molecular
and cellular level, as well as in the alveolar bone healing
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after cigarette smoke exposure.

Receptor activator of nuclear factor-kappa B (RANK),
RANK ligand (RANKL) and osteoprotegerin (OPG) system
playsanimportantrole in inducing bone remodeling (14,15).
RANKL and its two receptors RANK and OPG, were shown
to play a role in the remodeling process because they are
important osteoclastogenesis requlatory molecules. RANKL
is a downstream regulator of osteoclast formation and
activation, through which many hormones and cytokines
produce their osteoresorptive effect (14). In bone, RANKL
is expressed by osteoblast cell lineage and periodontal
ligament (PDL) cells (16) and it exerts its effects after
binding to RANK receptor on the cell surface of osteoclast
lineage cells as an osteoclast differentiating factor. This
binding leads to rapid differentiation of hematopoietic
osteoclast precursors to mature osteoclasts. OPG is a
secreted tumor necrosis factor (TNF) receptor member
produced by osteoblastic cells and competes with RANK
for RANKL binding. The biologic effects of OPG on bone
cells include inhibition of terminal stages of osteoclast
differentiation, activation of matrix osteoclasts suppression
and accelerating osteoclast apoptosis (15). RANKLand OPG
actas positive and negative requlators of osteoclastogenesis,
respectively, and are thought to requlate bone remodeling
(16). Any imbalance in the communication between OPG,
RANK, and RANKL proteins can lead to alterations in the
quality of the formed mineralized tissue (15).

New bone formation is known to occur after tooth
extraction. Although there are several studiesin humans and
animals (17), regarding the association of RANKL, RANK and
OPG levels, there is no information about these biomarkers
in alveolar bone in response to LLLT and cigarette smoke
exposure. The present study evaluated osteoclastogenesis
signaling in tooth socket in the presence of low-level
laser therapy and exposure to cigarette smoke, after tooth
extraction in rats, at different times of healing.

Material and Methods

This animal study was carried out in accordance
with the ethical principles of animal experimentation
and the Brazilian norms for the practical, educational,
and scientific uses of vivisection and the experimental
protocol was approved by the Animal Ethics Committee
at the Universidade de Sao Paulo, Ribeirdo Preto, Brazil
(Authorization Protocol No - 1.173.58.0). Sixty male
Wistar albinus rats (mean weight 180+10g) were assigned
by blind randomization methods to four groups: Control
Group (n=15, with right maxillary molar extraction -
ME), Experimental | (n=15, with ME and laser applied to
the socket - LLLT), Experimental Il (n=15, with ME and
cigarrete smoking exposure - CS) and Experimental Ill group
(n=15, with ME, LLLT and CS). These groups were divided
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into subgroups (five rats per subgroup) according to the
observation time point - 3, 7 and 14 days - after tooth
extraction. The animals were housed five per cage ina room
with a 12/12 h light/dark cycles, temperature of 24° + 2°C,
humidity of 45-55% and they received a standard diet and
water ad libitum during the entire experimental period.

Tooth Extraction and Study Design

Tooth extractions were performed under sterile
conditions and anesthesia: the animals received an
intramuscular injection of xylazine hydrochloride
(Dopaser®, Laboratorio Calier do Brasil, Ltda, Osasco, Brazil;
0.025 mL/100 g body weight) for muscular relaxation
associated with ketamine hydrochloride (Ketamin®; Cristalia
Produtos Quimicos Farmacéuticos Ltda, Itapira, Brazil;
0.05 mL/100 g body weight). Under general anesthesia,
the maxillary right first molar of all animals (n=60) were
luxated and pulled out of the sockets in a non-traumatic
manner, and bleeding was controlled by pressing the
wound with a dry tampon. The molar was extracted in
each rat with a dental explorer adapted to rat molars. An
atraumatic surgical technique was used, which allowed
tooth extraction without postoperative complications. The
sockets were curetted and abundantly irrigated, aiming
for removal of residual fragments of hard and soft tissues
that could interfere with healing. The animals received a
dose of paracetamol drops (Medley®; Campinas, SP, Brazil)
diluted in distilled water (0.05 mL/100 g body weight),
intramuscularly, for post-operative analgesia.

Laser Devices and Laser Irradiation Procedures

To avoid bias from a potential systemic effect of LLLT, no
internal controls were used. After extracting the teeth and
controlling bleeding, the extraction sockets of all the rats of
Exp I 'and Ill groups were irradiated with a 980 nm gallium-
aluminum-arsenide (GaAlAs) diode laser device (Photon Laser,
DMC Equipaments, Sdo Carlos, SP, Brazil; wave length 830 nm,
30 mW, CW and spot of 0.00785 cm? area). The irradiation
was administered under anesthesia by placing the end of the
optical fiber tip in light contact and aligned perpendicular
with the sockets of the right side. Irradiation was performed
immediately after extraction, corresponding to a total energy
dosage of 54 J/em?, and a single application lasting 0.42 s,
and then carried out daily for 3 consecutive days. These
conditions had been determined by previous experiments
(18). The treatment regime for the control group (sham group)
was the same as for the experimental group, except that the
laser device was not switched on.

Cigarette Smoke Exposure
The cigarette smoke exposure of the animals was
performed according to Nociti et al. (19). Briefly, it is used a



transparent acrylic container with dimensions of 45x25x20
em3, composed of 2 chambers interconnected by a hole. In
the first place were stored cigarettes on. In this part there was
also an entrance through which air was pumped, forming a
chain that carries the smoke to the second chamber, where
the animals were. In the second chamber there was another
orifice that gave discharge to the pumped air (Fig. 1). The
animals exposed to cigarette smoke underwent a 3-week
pre-adaptation period. After the right molar extraction, the
animals were exposed to the smoke of 5 cigarettes for two
daily periods of 3 min each, according to the recommended
interval of days for each group.

Animal Euthanasia, RNA Extraction, Reverse
Transcription (RT) and Quantitative Polymerase Chain
Reaction (Q-PCR) Analysis

For the qRT-PCR experiment, five rats in each group
were used on days 3, 7 and 14. After the experimental time,
the animals were euthanized by overdose of anesthetic
and the area of the extraction socket bone in the molar

region was exposed by peeling off the palatal mucosa with

Figure 1. Chamber for cigarette smoke exposure.
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Figure 2. Fold change of mRNA of Tnfrsf11a (RANK) gene expression for
Exp I, Exp II, Exp lll and Control groups over time. *p<0.05, *p<0.01,
p<0.001, was considered statistically different.
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a scalpel. The newly formed tissue in the right maxillary
alveolar socket was gently collected en bloc with a carbide
bur (#FG1112, KG Sorensen) and the specimens were stored
in Eppendorfs at -80°C to gene expressions analysis. The
tissue was used to RNA extraction and complementary
DNA (cDNA) synthesis. To produce the cDNA were used 2
ug of total RNA of each sample. The ¢cDNA products were
analyzed by q-PCR using TagMan® Gene Expression Master
Mix (Applied Biosystems, Foster City, CA, USA) and primers/
probe for Tnfrsf11b (OPG - Rn00563499_m1), Tnfrsf11a
(RANK - Rn01426423_m1), Tnfsf11 (RANKL - Rn00589289_
m1) and Actb (Beta-actin - Rn00667869_m1; constitutive
gene). g-PCR was run on StepOne Plus® machine (Applied
Biosystems). Experiments were run in duplicate and water
was used as negative control; control groups without
tooth extraction at 3 days were used as positive control.
Amplification conditions were: denaturation at 95°C (10
min) and 40 cycles at 95°C (15 s) and 60°C for 1 min. For
mRNA analysis, the relative level of gene expression was
calculated in reference to Actb expression using the cycle
threshold (Ct) method.

Statistical Analysis

The results were analyzed using the cycle threshold
(Ct) values based on the formula: Relative Expression Level
(QR)=2-AACt. Analysis of variance (two-way ANOVA) and
Bonferroni test were used to compare all measurements.
Statistical significance was found at p<0.05. Statistical
analyses were performed using the GraphPad Prism version
5.0 software (GraphPad software®, Inc.; La Jolla, CA, USA).

Results

There was an upregulation of Tnfrsf11a gene, which
encodes RANK receptor, in Exp | group compared to C group
at 3 (p<0.001) and 7 days of healing. The peak of gene
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Figure 3. Fold change of mRNA Tnfsf11 (RANKL) gene expression for Exp |,
Exp II, Exp Il and Control groups over time. *p<0.05, *p<0.01, **p<0.001,
was considered statistically different.
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expression was observed at 3 days in Exp | group compared
to 7 and 14 days (p<0.001). The Exp Il group presented the
lowest Tnfrsf11a gene expression in all periods, in relation to
the control group (p<0.001). A similar result was observed
in Exp Il group (Fig. 2).

Tnfsf11 gene, which encodes soluble factor RANKL,
was also upregulated in Exp | group compared to Control
group, at all experimental times (p<0.05). Tnfsf11 gene
expressed a similar pattern of RANK gene in Exp | group
over time (p<0.05). There was a peak of Tnfsf11 expression
in Exp | group at 3 and 7 days compared to 14 days. The
Exp Il and lll showed a decreased expression of RANKL over
time (p<0.05) (Fig. 3).

There was a significant upregulation of Tnfrsf11b gene,
which encodes OPG, in Exp | group, compared to C at 3
(p<0.05), 7 and 14 days (p<0.001). At 3 (p<0.001) and 7
days (p<0.05) Exp Il showed a decreased gene expression
compared to Cgroup. There was also a decreased expression
of Tnfrsf11b gene in Exp Il group at 3 days (p<0.001) (Fig. 4).

Discussion

After tooth extraction, bone formation plays an
important role in alveolar socket wound healing.
Alveolar bone remodeling consists of an interaction of
bone resorption by osteoclasts and bone formation by
osteoblasts. This study used alveolar bone after tooth
extraction in rats as a model to evaluate the effect of LLLT
and cigarette smoke exposure on bone metabolism and
bone turnover. LLLT consists of non-thermal irradiation at
wavelengths between visible light and the nearinfrared
range; the irradiated cells absorb the light, triggering
intracellular signaling cascades that can lead to various
biological effects (20), such as cell growth, proliferation
and differentiation. It has been shown that LLLT accelerates
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Figure 4. Fold change of mRNA of Tnfrsf11b (OPG) gene expression for
Exp I, Exp II, Exp lll and Control groups over time. *p<0.05, *p<0.01,
*p<0.001, was considered statistically different.

60

the process of wound healing (12,13,18,20), increases blood
flow and it promotes the release and secretion of vascular
growth factor related to angiogenesis (12) allowing a more
adequate supply of oxygen and nutrients to guarantee the
needs of the proliferative phase in the healing process.
On the other hand, nicotine and other toxic substances
found in cigarette smoke (19,21) promote inhibition of
bone repair after guided bone regeneration and inhibit
the expression of many cytokines including those
associated with neovascularization (21), and osteoblastic
differentiation (22).

RANKL, RANK and OPG play a key role in bone
remodeling process. RANKL is expressed by osteoblasts and
bone marrow stromal cells, whereas its receptor RANK is
expressed in preosteoclasts and other cells from this lineage.
The interaction between RANKL and RANK stimulates
osteoclastic formation, fusion, activation, differentiation
and survival by activation of several transcription factors
that regulate osteoclastogenesis, thus resulting in bone
resorption. OPG is produced by osteoblasts and other
cells and acts as a decoy receptor that competes with
RANKL for binding to its receptor RANK. This interaction
inhibits osteoclastic proliferation and differentiation and
consequently prevents bone resorption.

It was observed an upregulation on gene expression of
RANK and RANKL on the initial periods of healing in Exp
| group, whereas OPG gene expression was upregulated
during the whole period of study for this group. It seems
that LLLT leads to a gene expression more favorable to
osteoclastogenesis during initial periods of healing, while
formation bone stimulus is provided throughout the
whole period of study. LLLT-treated osteoblast cells also
showed an increase in RANKL gene expression comparing
to alendronate-treated osteoblast cells (23).

Exp Il and Exp Il groups had an expressive and
statistically significant reduction of RANK, RANKL and OPG
gene expression during all periods analyzed in relation to the
Control group. The Exp Il group was the one that presented
the lowest gene expression, showing a harmful effect of
cigarette smoke on gene expression of the studied bone
biomarkers. Gene expression evaluation of mediators related
to bone resorption in the human periodontal ligament cells
treated with nicotine demonstrated a reduction in OPG
expression and an increase in RANKL expression, suggesting
a stimulus for bone resorption in the activity pattern of
these cells (24). Li-Zheng et al. (25) collected and cultured
periodontal ligament cells after extraction of 1° premolar,
with addition of nicotine for 72 h, and verified larger levels
of RANKL gene expression after exposure of these cells to
nicotine, whereas there was inhibition of OPG expression,
resulting ina RANKL/ OPG ratio directed to bone resorption.
These findings from the literature agree in part with the



present study. Considering that this study was performed in
vivo, itis likely that the modulation of these genes activity
is linked to a complex regulatory system, whereas in vitro
evaluations characterize isolated cell responses that are not
connected to other regulatory factors existing in a living
organism. In addition, the cellular gene expression in these
in vitro studies was evaluated in relation to the effect of
nicotine, which is the major component of cigarette smoke,
but not exclusive. In the present study, the animals were
exposed to cigarette smoke and all the harmful substances
that constitute it, which could justify the difference of
response in the observed gene expression.

Exp Il group showed a slight tendency to increase
RANK gene expression levels during all periods of study,
comparing to Exp Il group, but they were not as high as
Cand Exp | group. RANKL and OPG gene expression levels
were lower than C through all periods of study. Although
LLLT showed a positive effect on the bone biomarkers
gene expression studied, it was not enough to reverse the
damaging effects of cigarette smoke.

The elucidation of the RANK/RANKL/OPG system has
vastly increased our understanding of the mechanisms
underlying the bone remodeling process. Therefore, our data
showed that LLLT promoted a better alveolar socket healing
in rats after tooth extraction, as evidenced by the increased
bone biomarkers gene expression, whereas cigarette smoke
inhalation interfered negatively in this process.

Resumo

0 objetivo deste estudo foi investigar os efeitos da terapia a laser de baixo
nivel (LLLT) e a fumaga de cigarro na sinalizagio da osteoclastogénese do
alvéolo apds extracdo dentaria, em ratos. Sessenta ratos Wistar machos
foram distribuidos aleatoriamente em quatro grupos com 15 animais
cada: Grupo de controle (com extragio do molar superior direito (EM),
Experimental | (EM e LLLT), Experimental Il (EM e fumaca de cigarro) e
Grupo Experimental IIl (EM, LLLT e fumaca de cigarro). A eutanasia foi
realizada aos 3, 7 e 14 dias apos a extracdo. O qRT-PCR foi utilizado para
avaliar a expressido de Tnfrsf11a (RANK), Tnfsf11 (RANKL) e Tnfrsf11b
(OPG). Os dados foram submetidos a analise estatistica usando two-way
ANOVA seguido do teste de Bonferroni (.=0,05). Houve um aumento
na expressdo dos genes RANK, RANKL e OPG ao longo do tempo de
cicatrizacdo no grupo Exp | em comparacdo com o grupo controle. O
grupo Exp Il mostrou uma expressdo diminuida de todos os genes ao
longo do tempo, enquanto a expressdo dos genes do grupo Exp IlI foi
superior aos valores observados em Exp I, mas inferiores aos valores do
grupo Controle e Exp | ao longo do tempo. Os resultados deste estudo
concluiram que o LLLT tem um efeito positivo, enquanto a fumaca de
cigarro possui efeito prejudicial na expressao génica de RANK, RANKL e
OPG no processo de remodelacdo 6ssea.
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