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Abstract: It has been shown that melatonin may affect bone metabolism. However, it is
controversial whether melatonin could promote osteoblast proliferation, and the precise
molecular mechanism of melatonin on osteoblast proliferation is still obscure. In this study,
the results of the CCK-8 assay showed that melatonin significantly promoted human
osteoblastic cell line hFOB 1.19 cell proliferation at 1, 2.5, 5, 10, 25, 50 and 100 uM
concentrations for 24 h, but there were no significant differences among the groups. Western
blot demonstrated that 10 pM melatonin significantly promoted ERK1/2 phosphorylation.
Furthermore, we also detected the phosphorylation of c-Raf, MEK1/2, p90RSK and MSK1,
and all of them increased with 10 uM melatonin. U0126 (a selective inhibitor of MEK that
disrupts downstream activation of ERK1/2) downregulated the phosphorylation of ERK1/2,
p90RSK and MSK1. U0126 also attenuated the proliferation of osteoblasts stimulated
by melatonin. In conclusion, this study for the first time indicates that melatonin
(10 nM-100 uM) promotes the proliferation of a human osteoblastic cell line hFOB 1.19
through activation of c-Raf, MEK1/2, ERK1/2, p90RSK and MSK1.
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1. Introduction

Melatonin is involved in many physiological processes [1-4], including sleep, anti-inflammatory
functions, gastrointestinal physiology, regulation of body core temperature, blood pressure, cardiovascular
function, immune regulatory properties, antioxidative defense, detoxification, reproduction, inhibition
of apoptosis and bone physiology [3—10]. Some other organs also can synthesize melatonin, such as
gastrointestinal tract, retina and bone marrow [1]. Mouse and human bone marrow cells are capable of
de novo synthesis of melatonin, which may have intracellular and or paracrine functions [11,12]. In
addition, rat bone marrow melatonin concentration is roughly two orders of magnitude higher than that
in peripheral blood and displays a good correlation with circulating melatonin levels [13]. Accumulating
evidence [14-19] from in vitro and in vivo experiments suggests that melatonin may affect bone
metabolism. Some studies indicated that melatonin tended to promote osteoblasts differentiation and
bone formation [14-16]. Park, K.H. et al. [20] indicated that melatonin promoted mouse osteoblastic
MC3T3 cell differentiation. Radio, N.M. and Sethi, S. et al. [21,22] indicated that melatonin enhanced
human adult mesenchymal stem cell (hAMSC) differentiation into osteoblasts. In the field of cell
proliferation, Liu, L. ef al. [12,23] indicated that melatonin has dual effects on osteoblast proliferation
with different concentrations. Nakade, O. et al. [15] indicated that melatonin significantly and
dose-dependently increased osteoblast proliferation, but Radio, N.M. and Roth, J.A. et al. [14,21]
indicated that melatonin suppressed osteoblast proliferation. Thus, it can be seen that the study of
melatonin on osteoblast proliferation is controversial.

The mechanisms of melatonin’s action on cells have been described as follows: (1) binding
to intracellular proteins, such as calmodulin; (2) binding to nuclear receptors of the orphan family;
and (3) binding to plasma membrane-localized melatonin receptors [24,25]. Most of the research
has focused on melatonin plasma membrane receptors. Two distinct classes of melatonin plasma
membrane receptors, which are expressed in humans, have been reported so far, MT1 and MT2 [24,26].
Melatonin plasma membrane receptors are a distinct group within the G protein-coupled receptor
superfamily [24,26].

Previous studies indicated that melatonin influenced cAMP formation [27], protein kinase A activity
and phosphorylation of the cAMP-responsive element binding protein (CREB) [26]. Melatonin also can
stimulate c-Jun N-terminal kinase activity, influence the generation of intracellular Ca?" [28] and
promote PKC activity [29].

The ERK (extracellular-regulated kinases) signaling pathway can be activated in response to a diverse
range of extracellular stimuli, including mitogens, growth factors, cytokines and hormones [30-32].
c-Raf, MEK1/2 (upstream of targets ERK1/2) and ERK1/2 can be activated in sequence when cells
are stimulated by some active substances [32-34]. The activated ERK1/2 can activate the p90RSK
(90-kDa ribosomal S6 kinase) and MSK1 (mitogen and stress-activated protein kinase) [35,36]. The
Raf/MEK/ERK/p90RSK/MSK1 cascade couples signals can regulate gene expression and activity of
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many proteins involved in proliferation, apoptosis or differentiation [37]. Several studies demonstrated
that melatonin promoted osteoblasts differentiation by activation of ERK1/2. Satué, M. et al. [38]
indicated that melatonin promoted osteoblast differentiation via activation of ERK1/2. Park, K.H. ef al. [20]
indicated that melatonin promoted mouse osteoblastic MC3T3-E1 cell differentiation via the
BMP/ERK/Wnt pathways. Radio, N.M. et al. [21] indicated that melatonin enhanced hAMSCs
differentiation into osteoblasts via MT2 and the MEK/ERK (1/2) signaling cascade. Sethi, S. et al. [22]
indicated that melatonin induced MT2/B-arrestin scaffolds complexed to Gi, MEK1/2 and ERK1/2 to
localize ERK1/2 primarily in the cytosol, thus inducing hAMSCs differentiation into osteoblasts and
affecting osteogenic gene expression.

However, the study of melatonin on osteoblast proliferation is controversial, and the precise
molecular mechanisms of melatonin signaling pathways are still poorly understood. This study was
performed to investigate the underlying mechanism of melatonin regarding how melatonin promotes
osteoblast proliferation by activation of up- and down-stream targets of ERK1/2. This information can
be helpful for exploring the signal transduction of melatonin in osteoblasts.

2. Results
2.1. Proliferative Effects of Melatonin on the Human Osteoblastic Cell Line hFOB 1.19

HFOB 1.19 cells are a normal human osteoblastic cell line [39,40]. To determine the effect of
melatonin on the proliferation of hFOB 1.19 and to ascertain the specific concentration for the next step
of research, the CCK-8 assay was performed on the hFOB cells. As shown in Figure 1a,b, melatonin’s
effect was associated with concentrations and time respectively on the proliferation of hFOB 1.19, but
the effect was not associated with the interaction of both variables (two-way ANOVA: concentrations,
p = 0.000; time, p = 0.000; interaction, p = 0.144). Melatonin slightly promoted hFOB cell proliferation
at indicated concentrations for 4 h, but there was no statistical significance compared with the control
group. Melatonin significantly promoted hFOB cell proliferation at 10 nM—100 uM concentrations,
in comparison with control cells at 24 and 48 h.

Furthermore, cells were exposed to 0 (Control), 1, 2.5, 5, 10, 25, 50 and 100 uM melatonin for 24 h,
and the CCK-8 assay was also used to detect the effect of melatonin on hFOB cell proliferation. As shown
in Figure lc, melatonin significantly promoted hFOB cell proliferation at 1-100 uM concentrations
compared with the control group. In addition, the results of the CCK-8 assay also showed that, at the
1-100 uM concentration range, there were no significant differences between different concentrations
of each group.
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Figure 1. Effects of melatonin on hFOB 1.19 cell proliferation. Cell proliferation was
measured by the CCK-8 assay. (a) The cells were exposed to various concentrations of
melatonin for 4, 24 or 48 h. Results are represented as the dose-response effect curve;
(b) The cells were exposed to various concentrations of melatonin for 4, 24 or 48 h. Results
are represented as the time-response effect curve; and (c¢) The cells were exposed to
0 (Control), 1, 2.5, 5, 10, 25, 50 and 100 uM melatonin for 24 h. Results are represented as
the dose-response effect curve. The results are represented as the means + SEM of three

independent experiments.
2.2. Effects of Melatonin on the Human Osteoblastic Cell Line hFOB 1.19’s Viability

The trypan blue dye exclusion assay was used by optical counting of unstained viable cells in a
hemocytometer to investigate cell viability. There was no obvious cells death when cells were exposed
to 10 uM melatonin at any time point examined (cell viability, 4 h: 99% =+ 0.1%; 24 h: 99% + 0.3%;

48 h: 98% + 0.5%).
2.3. Effects of Melatonin on the Expression of ERK in Human Osteoblastic Cell Line hFOB 1.19

To determine whether melatonin promoted osteoblast proliferation through the activation of
ERK1/2, Western blot was used. The cells were exposed to 10 uM melatonin for 24 and 48 h, as shown
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in Figure 2. We observed that the expression of p-ERK1/2 (phosphorylation of ERK1/2) and the ratio of
p-ERK1/2/ERK1/2 significantly increased in comparison with the control. Meanwhile, total ERK1/2
levels had no obvious change.
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Figure 2. Expression of p-ERK1/2 induced by 10 uM melatonin in hFOB 1.19 cells for 24
and 48 h. (a) Total (ERK1/2) and phosphorylated (p-ERK1/2) protein expression levels.
Expression levels were normalized by GAPDH; (b) Ratio of p-ERK1/2/ERK1/2. Expression
levels were normalized by GAPDH first. Each bar is indicated as the relative percentage of
control cells at 24 and 48 h. The results are represented as the means = SEM of three
independent experiments. ** p < 0.01, compared with the control cells.

2.4. Effects of Melatonin and U0126 on the Expression of ERK in Human Osteoblastic Cell Line
hFOB 1.19

Furthermore, cells were exposed to U0126 (20 uM; MEK inhibitor, can inhibit downstream activation
of ERK1/2), melatonin (10 uM) alone and both U0126 and melatonin for 24 h, as shown
in Figure 3. Melatonin increased the ratio of p-ERK1/2/ERK1/2, and U0126 decreased the ratio of
p-ERK1/2/ERK1/2. When cells were exposed to both melatonin and UO0126, the ratio of
p-ERK1/2/ERK1/2 was reduced compared with the melatonin treatment group, but increased compared
with the U0126 treatment group.
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Figure 3. Expression of p-ERK1/2 induced by U0126 (20 pM), melatonin (10 pM) alone
and both of them in hFOB 1.19 cells for 24 h. Total and phosphorylated (p-) expression levels
were measured by Western blot. The results are represented as the ratio of p-ERK1/2/ERK1/2.
Expression levels were normalized by GAPDH first. Each bar is indicated as the relative
percentage of control cells. The results are represented as the means + SEM of three
independent experiments. * p < 0.05, compared with control cells; * p < 0.01, compared
with the melatonin treatment group; ¢ p <0.01, compared with the U0126 treatment group.

2.5. Proliferative Effects of Melatonin and U0126 on the Human Osteoblastic Cell Line hFOB 1.19

Meanwhile, the CCK-8 assay results, as shown in Figure 4, showed simultaneously that melatonin
significantly promoted proliferation and that U0126 inhibited proliferation. When cells were exposed to
both melatonin and U0126, the proliferation effect of melatonin was attenuated compared with the
melatonin treatment group, but promoted proliferation compared with the U0126 treatment group.
All results above indicate that 10 uM melatonin induced osteoblast proliferation is associated with
activation of ERK1/2.
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Figure 4. Effects of melatonin and U0126 on cell proliferation. The cells were exposed to
U0126 (20 uM), melatonin (10 uM) alone and both of them for 24 h. Cell proliferation was
measured by the CCK-8 assay. Results are indicated as the relative percentage of control
cells. The results are represented as the means = SEM of three independent experiments.
** p < 0.01, compared with control cells; * p < 0.05, compared with the melatonin treatment
group; “* p <0.01, compared with the U0126 treatment group.

2.6. Effects of Melatonin on the Expressions of Raf, MEK, p90RSK and MSK1 in Human Osteoblastic

Cell Line hFOB 1.19

In order to clarify how melatonin induced the expression of p-ERK1/2 and how melatonin promoted
osteoblast proliferation, Western blot was performed to detect the p-c-Raf, p-MEK1/2, p-p90RSK and
p-MSK1. As shown in Figure 5, the expressions of p-c-Raf, p-MEK1/2, p-p90RSK, p-MSK1 and the
ratio of phosphorylated protein/total protein were increased when cells were exposed to 10 pM melatonin
for 24 and 48 h. Meanwhile, total protein (c-Raf, MEK1/2, p90RSK and MSK1) levels had no

obvious change.
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Figure 5. Expressions of p-c-Raf, p-MEK1/2, p-p90RSK and p-MSK1 induced by 10 uM
melatonin in hFOB 1.19 cells for 24 and 48 h. (a) Total and phosphorylated (p-) expression

levels were measured by Western blot; (b) Total protein expression levels. Expression levels

were normalized by GAPDH; (¢) Phosphorylated (p-) protein expression levels. Expression

levels were normalized by GAPDH; and (d) Ratio of phosphorylated protein/total protein

expression levels. Expression levels were normalized by GAPDH first. Each bar is indicated

as the relative percentage of control cells. The results are represented as the means = SEM

of three independent experiments. * p < 0.05 or ** p < (.01, compared with control cells.
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2.7. Effects of Melatonin and UQ0126 on the Expressions of p90RSK and MSK1 in Human Osteoblastic
Cell Line hFOB 1.19

Furthermore, cells were exposed to U0126 (20 uM), melatonin (10 uM) alone and both U0126
and melatonin for 24 h. As shown in Figure 6, U0126 inhibited the ratio of p-p90RSK/p90RSK
and p-MSKI1/MSK1, and when cells were exposed to both melatonin and UO0126, the ratios of
p-p90RSK/p90RSK and p-MSK1/MSK1 were reduced compared with the melatonin treatment group,
but increased compared with the U0126 treatment group.
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Figure 6. Expressions of p-p90RSK and p-MSK1 induced by U0126 (20 uM), melatonin
(10 uM) alone and both U0126 and melatonin in hFOB 1.19 cells for 24 h. (a) Total and
phosphorylated (p-) expression levels were measured by Western blot; (b) ratio of
p-p90RSK/p90RSK; (c¢) ratio of p-MSK1/MSK1. Expression levels were normalized by
GAPDH first. Each bar is indicated as the relative percentage of control cells. The results
are represented as the means + SEM of three independent experiments. ** p < 0.01,
compared with control cells; * p < 0.01, compared with the melatonin treatment group;
&& 1 <0.01, ¢ p <0.05, compared with the U0126 treatment group.

3. Discussion

Melatonin regulates a variety of physiological and pathophysiological processes [1—4]. It has been
shown to influence cell proliferation and differentiation [14-16,41]. In this study, the results of the
CCK-8 assay demonstrated that melatonin (10 nM—100 pM) promoted osteoblast proliferation. The



Int. J. Mol. Sci. 2015, 16 10346

results are consistent with previous research [12,15]. To determine the effect of melatonin on the
proliferation of hFOB 1.19 and to ascertain the specific concentration for the next step of research,
the results of the CCK-8 assay also demonstrated that melatonin significantly promoted proliferation
at 1-100 uM, but there were no significant differences among the groups of 1, 2.5, 5, 10, 25, 50 and
100 uM concentrations.

Several studies demonstrated that melatonin promoted osteoblast differentiation. However,
only a few studies focused on osteoblast proliferation, and the results were controversial [12,14,15].
Our results indicated that melatonin promoted osteoblast proliferation at 10 nM—100 uM concentrations.

According to the results of the CCK-8 assay, we chose 10 uM melatonin for the next step of the
research. Activation of ERK1/2 has been well proven to be necessary for cell proliferation [30,42].
Previous studies [43—45] using other cell types indicated that melatonin increased p-ERK1/2. Therefore,
we sought to determine whether p-ERK 1/2 was increased when the hFOB cells were exposed to 10 uM
melatonin. The Western blot results suggested that 10 uM melatonin increased p-ERK1/2, which is
consistent with previous reports [20,38].

The ERK signal pathway regulates the cell proliferation, differentiation and survival [46—48].
The p-ERK1/2 is just an intermediate in signal pathways, and many upstream and downstream targets
of ERK1/2 have been identified [32—-35,49]. Although several studies demonstrated that melatonin
affects the activation of ERK1/2 [20,23,38], only a few studies are available regarding up- and
down-stream targets of activated ERKI1/2 when melatonin promotes osteoblast proliferation.
The Raf/MEK/ERK/p90RSK/MSKI1 cascade couples signals can transmit information into the nucleus,
thus regulating gene expression. This pathway has diverse effects, which can regulate cell proliferation,
apoptosis or differentiation [37]. In this study, after we confirmed that melatonin promoted the hFOB
cell proliferation and increased the expression of p-ERK1/2, we sought to determine whether the
Rat/MEK/ERK/p90RSK/MSK1 signal pathway was activated when melatonin promoted proliferation
of the hFOB cells. We detected the activation of c-Raf, MEK1/2, p90RSK and MSK1. Our results
suggested that 10 uM melatonin significantly increased the phosphorylation of c-Raf, MEK1/2, p90RSK
and MSK1. Meanwhile, total protein (c-Raf, MEK1/2, ERK1/2, p90RSK and MSK1) levels had no
obvious change. In addition, U0126 (a selective inhibitor of MEK, which can inhibit downstream
activation of ERK1/2) attenuated the proliferation effect of melatonin through inhibiting the activation
of ERK1/2 and its downstream p90RSK, MSKI1. These results indicate that 10 pM melatonin
significantly promotes osteoblast proliferation via activation of the c-Raf/MEK/ERK/p90RSK/MSK1
signal pathway.

Melatonin is considered as an effective drug for many diseases, such as insomnia, cancer
and osteoporosis. A randomized, double-blind, placebo-controlled study showed that melatonin
supplementation restored imbalances in bone remodeling to prevent bone loss [19]. However, the precise
molecular mechanisms of the melatonin signal pathway are still unclear. In the field of cell
differentiation, Park, K.H. et al. [20] indicated that melatonin (50 nM for 5 days) promoted mouse
osteoblastic MC3T3 cell differentiation. Satué, M. et al. [38] indicated that melatonin (0.1 mM melatonin
for 2 h after being cultured for seven days) promoted MC3T3 (mouse pre-osteoblasts) differentiation via
activation of ERK1/2. Sethi, S. et al. [22] indicated that melatonin (50 nM melatonin for 2, 5, 10, 14 and
21 days) induced MT2/B-arrestin scaffolds complexed to Gi, MEK1/2 and ERK1/2 to localize ERK1/2
primarily in cytosol, thus inducing human adult mesenchymal stem cell (hAMSC) differentiation into



Int. J. Mol. Sci. 2015, 16 10347

osteoblasts and affecting osteogenic gene expression. Bondi, C.D. ef al. [50] found the same mechanism
in Chinese hamster ovary cells. Radio, N.M. et al. [21] indicated that melatonin (50 nM melatonin for
10 days) enhanced hAMSC differentiation into osteoblasts via MT2 melatonin receptors and the ERK1/2
signaling cascade. In the field of cell proliferation, Liu, L. et al. [12] indicated that melatonin
(1 nM—100 uM melatonin promotion and 1 mM melatonin inhibition for 1, 2 and 3 days) had dual
effects on human fetal osteoblastic cell line hFOB 1.19 proliferation with different concentrations.
Sethi, S. et al. [22] indicated that 50 nM melatonin slightly promoted hAMSC proliferation for two days,
but slightly inhibited hAMSC proliferation for 10 and 21 days. Nakade, O. ef al. [15] indicated that
melatonin significantly and dose-dependently increased human osteoblast (HOB-M cells and SV-HFO
cells, 5-100 uM melatonin for one day) proliferation, but Liu, L. et al. [51] indicated that melatonin
(4—10 mM melatonin for 1, 2 and 3 days) inhibited the proliferation of human osteosarcoma cell line
MG-63. Roth, J.A. et al. [14] indicated that melatonin (50 nM melatonin for one day) slightly suppressed
MC3T3 cell and ROS (rat osteoblast-like osteosarcoma 17/2.8 cell) cell proliferation when melatonin
promoted differentiation. Radio, N.M. et al. [21] also indicated that 50 nM melatonin inhibited the
proliferation of hAMSCs for seven days. Our results indicated that melatonin promoted human
fetal osteoblastic cell line hFOB 1.19 proliferation at 10 nM—100 uM concentrations via the ERK1/2
signaling cascade. The data available indicate that melatonin has different cell effects depending
on the concentrations and duration of melatonin or the cell type examined. What are the causes of
this phenomenon?

Luttrell, L.M. et al. [52] and DeFea, K.A. et al. [53] indicated that the complex of the internalized
receptor, B-arrestin and activated ERK1/2, is required for ERK1/2 activation. ERK1/2 activity is retained
in the cytosol and neither translocates to the nucleus nor causes proliferation. However, activated
ERK1/2 will promote cell proliferation when cells do not form the complex, and the activated ERK1/2
is translocated to the nucleus. Radio, N.M. and Sethi, S. et al. [21,22] indicated that melatonin induced
the formation of the complex to localize the activated ERK1/2 primarily in cytosol when melatonin
promoted hAMSC differentiation into osteoblasts and inhibited the proliferation of hAMSCs.
Our results indicated that melatonin promoted human fetal osteoblastic cell line hFOB 1.19 proliferation
via activating of ERK1/2. When melatonin activated ERK1/2, different cells effects were induced by
melatonin. Therefore, we speculate that the possible cause of melatonin’s different cell effects might be
associated with the localization of activated ERK1/2 in cells. Different concentrations and durations of
melatonin or the cell type examined may induce different localization of activated ERK1/2 in cells, thus
producing different cell effects.

The way of melatonin acts on cells is diverse. Research showed that human osteoblasts have plasma
membrane melatonin receptors [21,22]. However, so far, Mechanisms (1) and (2) of melatonin (see the
Introduction) in osteoblasts are still unclear. Another cause of melatonin’s different cell effects might be
that different cell types exposed to different concentrations and durations of melatonin may induce
different actions of melatonin on cells. In addition, some other organs also can synthesize melatonin;
mouse and human bone marrow cells are capable of de novo synthesis of melatonin, which may have
intracellular and or paracrine functions [11]. Bone marrow cells cultured for a prolonged period
exhibited high levels of melatonin [13]. It really should be noted that local high melatonin levels may
have more impact on cells than circulating melatonin. When cells are exposed to exogenous melatonin,
the endogenous melatonin produced by the cells themselves may influence the effects of exogenous
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melatonin. Endogenous melatonin and different actions of melatonin on cells may lead to the cells losing
the dose-response effect to exogenous melatonin. Thus, melatonin may either stimulate or suppress cell
proliferation depending on the concentrations and duration of melatonin or the cell type examined. This
feature limits the application of melatonin in disease treatment. However, it is necessary to clarify the
effect and the signal transduction of melatonin for various kinds of cells and whether these cells
synthesize melatonin.

This study clearly indicates that melatonin significantly promotes osteoblast proliferation via
activation of the c-Raf/MEK/ERK/p90RSK/MSK1 signal pathway. The results of the trypan blue dye
exclusion assay indicated that melatonin has almost no cytotoxicity to osteoblasts, which is consistent
with a previous study [38]. The study findings may provide evidence for melatonin in the treatment of
osteoporosis. However, it is worth noting that melatonin can either stimulate or suppress osteoblast
proliferation depending on the concentrations and duration of melatonin treatment [12,14,15].
The application of melatonin for the treatment of osteoporosis should be done with caution, and more
clinical trials are needed.

In conclusion, this study for the first time indicates that melatonin (10 nM—100 uM) promotes the
proliferation of human osteoblastic cell line hFOB 1.19 through activation of c-Raf, MEK1/2, ERK1/2,
p90RSK and MSKI1. The study findings assist with the clarification of the signal transduction of
melatonin on human osteoblasts and provides evidence for melatonin for the treatment of osteoporosis.

4. Materials and Methods
4.1. Materials

Primary monoclonal antibodies for ERK1/2, phosphorylation of ERK1/2 (p-ERK1/2), c-Raf,
phosphorylation of Raf (p-c-Raf), MEK1/2, phosphorylation of MEK1/2 (p-MEK1/2), p90RSK,
phosphorylation of 90RSK (p-p90RSK), MSK1, phosphorylation of MSK1 (p-MSK1), GAPDH and
U0126 (MEK Inhibitor) were purchased from Cell Signaling Technology (Danvers, MA, USA).

4.2. Cell Culture

The cell line hFOB 1.19 (human fetal osteoblastic cell line [39]), kindly provided by
Malayannan Subramaniam [40], was cultured in a 1:1 mixture of Ham’s F12 Medium Dulbecco’s
Modified Eagle’s Medium, without phenol red (Hyclone, Thermo, Fremont, CA, USA). To make the
complete growth medium, we added the G418 (0.3 mg/mL) to the base medium and supplement with
10% fetal bovine serum (FBS) (Hyclone, Thermo) in a humidified 5% CO:2 atmosphere at 37 °C.
The medium was changed every other day. The hFOB cells were utilized in Passages 10—15 and plated
at 10* cells/cm? for 24 h before treatment. Cells were treated with melatonin, which was dissolved
in 0.2% dimethyl sulfoxide (DMSO) or vehicle (0.2% DMSO in culture medium only) media containing
10% FBS.

4.3. Cell Proliferation Assay

According to the manufacturer’s instructions, osteoblast proliferative activity was assessed using the
Cell Counting Kit-8 (CCK-8; Dojindo, Kumamoto, Japan). Briefly, hFOB 1.19 cells were seeded in
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96-well plates for 24 h, and then, the cells were exposed to melatonin of the indicated concentrations
for 4, 24 and 48 h (Figure 1a,b), or exposed to 0, 1, 2.5, 5, 10, 25, 50 and 100 uM melatonin for 24 h
(Figure Ic), or exposed to 10 uM melatonin, 20 uM U0126 and both 20 uM U0126 and 10 uM melatonin
for 24 h (Figure 4). Then, the medium was discarded and replaced with 100 pL of fresh medium
containing 10% CCK-8, and the plates were incubated at 37 °C for 4 h; the absorbance was detected at
450 nm with a microplate reader.

4.4. Trypan Blue Dye Exclusion Assay

After treatment with 10 pM melatonin, the cells were collected by trypsinization and suspended
in culture medium. Viable and nonviable cells were then determined by direct counting using a
hemocytometer in the presence of 0.4% trypan blue. Cell viability was then assessed as the percentage
of viable cells relative to the total population.

4.5. Western Blotting

The cells were extracted with lysis buffer (150 mM NacCl, 1% NP-40, 0.1% SDS, 2 ug/mL aprotinin,
1 mM PMSF) for 30 min at 4 °C. We centrifuged the cell lysate at 12,000x g for 15 min at 4 °C.
The supernatant fluid (total cell lysate) was harvested. We transferred the supernatant to a new
microcentrifuge tube. Aliquots, each containing 50 pg of protein, were separated by 10% SDS-PAGE
and transferred to PVDF membranes at 90 V for 70 min at a low temperature. The membranes were
blocked in 5% bovine serum albumin (phospho-) or skim milk (the others) for 2 h. Proteins were detected
using a 1:1000 (GAPDH) or 1:500 (the others) dilution overnight at 4 °C and then using anti-rabbit
IgG conjugated with horse radish peroxidase at 1:8000 dilution for 2 h at room temperature,
respectively. The EC3 Imaging System (UVP LLC, Upland, CA, USA) was used to scan the specific
bands, and the optical density of each band was measured using Gel-Pro Analyzer 4.0 software
(Media Cybernetics Inc., Bethesda, MD, USA). All of the bands were normalized by GAPDH.
Then, phosphorylated (p-) proteins were normalized by total proteins (the ratio of phosphorylated
proteins/total proteins).

4.6. Statistical Analysis

Data were analyzed using SPSS 22.0 statistical software (SPSS Inc., Chicago, IL, USA). Two-way
ANOVA was used to assess whether differences were owed to melatonin concentrations, to the time of
exposure or to the interaction of both variables. One-way ANOVA was used to evaluate the differences
between groups with various treatments. The Tukey HSD test was used for post hoc subgroup analysis;
an independent-sample #-test was used to evaluate the differences between groups with various
treatments. All data are expressed as the mean + SEM of at least three independent experiments.
p <0.05 was considered statistically significant.
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