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Relationship between autophagy, apoptosis and
endoplasmic reticulum stress induced by melatonin
in osteoblasts by septin7 expression
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Abstract. Melatonin secreted by the pineal body is associated
with the occurrence and development of idiopathic scoliosis.
Melatonin has a concentration-dependent dual effect on osteo-
blast proliferation, in which higher concentrations can inhibit
osteoblast proliferation and induce apoptosis; however, the
underlying mechanism remains unclear. In the present study,
flow cytometry was used to demonstrate that osteoblast cells
treated with melatonin exhibited significantly increased early
and late stage apoptotic rates as the concentration increased.
Chromatin condensation in the nucleus and apoptotic body
formation could be observed using fluorescent microscopy in
osteoblast cells treated with 2 mM melatonin. Western blotting
results showed that there was an upregulation in the expression
of apoptosis marker proteins [poly (ADP-ribose) polymerase
1 (PARP-1)], endoplasmic reticulum stress [ERS; C/EBP
homologous protein (CHOP) and glucose-regulated protein,
78 kDa (GRP78)] and autophagy [microtubule-associated
protein 1 light chain 3 (LC3)-I/LC3II]. PARP-1 expression
was not altered when treated with ERS inhibitor 4PBA and
autophagy inhibitor 3M A, whereas 4PBA or 3MA in combina-
tion with 2 mM melatonin (or the three together) significantly
increased PARP-1 expression. Furthermore, the use of septin7
small interfering RNA confirmed that increased expression
of GRP78 and CHOP was related to septin7, and melatonin-
mediated ERS was necessary for septin7 activation. These
findings suggest that ERS and autophagy might occur in the
early stage of treatment with a high concentration of melatonin,
and each might play a protective role in promoting survival; in
a later stage, ERS and autophagy might interact and contribute
to the induction of apoptosis. Overall, the results indicated that
septin7 may be a target protein of melatonin-induced ERS.
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Introduction

Idiopathic scoliosis is the most common form of scoliosis; it
is characterized by a complicated three-dimensional spinal
deformity that is accompanied by a rotation of the vertebrae
body (1-6). Several studies have reported on the influence of
the pineal body on experimentally induced spinal scoliosis, and
numerous researchers hypothesize that defects in the synthesis
and metabolism of melatonin secreted from the pineal body is
a key factor underlying spinal scoliosis (7-9). The pineal body
secretes the neuroendocrine hormone melatonin, which serves
an important role in regulating physiological and pathological
effects in the human body, including bone growth and verte-
brae body molding (10,11). A prospective study demonstrated
that melatonin deficiency may play a key role in the prognosis
of idiopathic scoliosis, the progress of which may be prevented
by melatonin supplements (12).

Our previous studies demonstrated that melatonin exerts
a dual effect on osteoblast proliferation that is dependent on
concentration; 1 nM-100 M melatonin can stimulate cell
proliferation, whereas 1 mM melatonin can significantly
delay osteoblast proliferation (13-14). It was also found that
melatonin could upregulate the concentration of calcium ions,
activate the calcium pathway, disrupt homeostasis of intracel-
lular calcium, and lead to calcium overload (15-20). Calcium
overload induces endoplasmic reticulum stress (ERS), which
is associated with autophagy and apoptosis. Septins belong to
a class of cytoskeletal proteins with GTPase activity, which
can form intracellular filamentous scaffolds. Previous studies
have demonstrated that septins are involved in numerous
biological processes, such as cell mitosis, polarity determi-
nation, vesicle trafficking and apoptosis (21-23). In addition,
our previous study revealed that septin-7, a member of septin
family, has an inhibitory effect in melatonin-induced apop-
tosis (15). However, the mechanisms underlying the inhibition
of apoptosis by septin-7 hasn't been described comprehen-
sively and the effect of autophagy in this process is still
unclear. The present study was designed to further clarify
the mechanisms by which melatonin induces osteoblast
apoptosis, thus offering an improved understanding of the
roles of ERS, autophagy and apoptosis in melatonin-induced
osteoblasts. The insights from the present study may be useful
in the investigation of melatonin as a potential treatment of
idiopathic scoliosis.
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Materials and methods

Reagents. Melatonin, ERS inhibitor 4PBA, autophagy
inhibitor 3MA and Hoechst 33342 stain were obtained from
Sigma-Aldrich (Merck KGaA). An Annexin V-FITC/PI
Apoptosis Detection kit was obtained from Nanjing KeyGen
Biotech Co., Ltd. Primary antibodies against microtu-
bule-associated protein 1 light chain 3 (LC3; 1:1,000;
cat. no. ab128025), glucose-regulated protein, 78 kDa (GRP78;
1:1,000; cat. no. ab21685), septin7 (1:1,000; cat. no. ab186021)
were obtained from Abcam. Primary antibodies against poly
(ADP-ribose) polymerase 1 (PARP-1; 1:1,000; cat. no. 9532),
C/EBP homologous protein (CHOP; 1:1,000; cat. no. 5554),
B-actin (1:1,000; cat. no. 4970) were obtained from Cell
Signaling Technology, Inc., as were fluorescent anti-rabbit
secondary antibodies (1:500; cat. no. 4414).

Cell culture. The human fetal osteoblastic cell line hFOB
1.19 kindly provided by Dr Mamayannan Subramaniam
(Department of Biochemistry and Molecular Biology, Mayo
Clinic, Rochester, MN, USA), was maintained in a 1:1 mixture
of Ham's F-12 medium/Dulbecco's modified Eagle's medium
without phenol red (Gibco; Thermo Fisher Scientific, Inc.),
supplemented with 10% fetal bovine serum (FBS; HyClone;
GE Healthcare Life Sciences) at 37°C in a humidified 5% CO,
atmosphere. The medium was changed every other day. The
cells were utilized at passages 8-12 and plated at 10* cells/cm?
for 4, 24 and 48 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.

Apoptosis assay. Apoptosis was detected using the
Annexin V-FITC/PI Apoptosis Detection kit according to
the manufacturer's protocols. Briefly, hFOB 1.19 cells were
seeded onto 6-well plates (5x10° cells/well). After treatment
with 1,2, 4 and 8 mM melatonin for 24 h in 5% CO, at 37°C,
cells were harvested by trypsin digestion without EDTA,
resuspended in 500 ul final volume of binding buffer, and
incubated with 5 ul of Annexin V-FITC and 5 pul of prop-
idium iodide (PI) solution for 15 min at room temperature in
the dark. Finally, cells were analyzed using a BD FACScan
flow cytometer equipped with ModFit LT v3.0 (Becton,
Dickinson and Company) within 1 h. Viable cells (Annexin
V-FITC/PI"), early apoptotic cells (Annexin V-FITC*/PI),
late apoptotic cells (Annexin V-FITC*/PI*) and necrotic cells
(Annexin V-FITC/PI*).

Chromatin condensation assay. Chromatin condensation in the
nucleus was observed using the fluorescent Hoechst 33342 stain.
hFOB 1.19 were seeded onto 24-well plates (2x10° cells/well).
After treatment with 2 mM melatonin for 24 h, cells were
fixed in 4% paraformaldehyde fix solution for 15 min at room
temperature, and incubated with a concentration of 2 yg/ml of
Hoechst 33342 for 15 min at room temperature in the dark.
After washing three times with PBS, cells were observed and
images captured under a fluorescent microscope.

Septin7 small interfering (si)RNA transfection. Cells were
cultured as aforementioned. Using Lipofectamine® 2000
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(Invitrogen; Thermo Fisher Scientific, Inc.), according to
the manufacturer's protocols, cells were transfected with
60 nm septin7 siRNA (forward, 5'-CGACUACAUUGAUAG
UAAAUU-3' and reverse, 5-UUUACUAUCAAUGUAGUC
GAU-3") purchased from Shanghai GeneChem Co., Ltd., at
37°C for 48 h. There were three control groups: i) An untreated
blank control; ii) transfection reagent control (to control for
potentially toxic influence of Lipofectamine 2000 and the
influence of Lipofectamine 2000 on the expression of the target
gene); and scramble siRNA control (5'-GAAATTTATAAC
GATCAGTCT-3") purchased from Shanghai GeneChem Co.,
Ltd. The time interval between transfection and subsequent
experimentation was 24 h.

Overexpression plasmid construction and rescue experi-
ment. Septin7 was cloned into GV230 plasmids (200 ng;
Shanghai GeneChem Co., Ltd.) between Xhol and Kpnl
restriction sites to overexpress septin7 in hFOB 1.19 cells.
The full-length septin7 gene (4,377 bp; reference sequence
NM_001011553) was amplified by PCR using the following
primers: Forward, 5-CTGCTCACAATAGTTGATACC
CC-3' and reverse, 5S-TGTTCACTCGTGATTCTGCAT
T-3". PrimeSTAR HS DNA polymerase was obtained from
GeneChem, Inc., and cycled for 30 cycles following initial
denaturation (98°C for 5 min) with the following parameters:
72°C for 8 min. Following enzyme digestion (Exnase™ II;
Vazyme Biotech Co., Ltd.; 1 ul) using ClonExpress II One
Step Cloning kit (Vazyme Biotech Co., Ltd.) and sequencing,
the PCR product was cloned into the Xhol/Kpnl sites of the
GV230 expression vector. The recombinant GV230-septin7
plasmid was confirmed by endonuclease digestion and
DNA sequencing (GeneChem, Inc.) prior to transfection
into osteoblasts using Lipofectamine 2000 (37°C for 48 h;
90% cell density) according to the manufacturer's protocols
(Invitrogen; Thermo Fisher Scientific, Inc.). The rescue
experiment using 45 nM septin7 overexpression plasmid
was performed following transfection of the septin7 siRNA.
The time interval between transfection and subsequent
experimentation was 24 h.

Immunoblotting. Cells were lysed in RIPA buffer on ice for
30 min. Protein fractions were centrifuged for 15 min at
4°C at 12,000 x g, and supernatants containing total protein
were harvested. Then, aliquots containing 50 ug protein were
separated by 12% SDS-PAGE and transferred onto PVDF
membranes. The membranes were blocked with 5% BSA
(Beyotime Institute of Biotechnology) at 4°C for 2 h, and
incubated with primary antibodies against PARP-1, LC3-II,
GRP78, CHOP, septin7 or (3-actin overnight at 4°C. Following
incubation, a fluorescent anti-rabbit secondary antibody was
applied for 2 h at 4°C, and blots were visualized using an
ECL system (Analytik Jena US, LLC). Protein levels were
normalized to the corresponding (3-actin band, and the optical
density was semi-quantified using ImageJ Software (National
Institutes of Health).

Statistical analysis. Statistical analysis among groups was
performed using one-way ANOVA with Tukey's test to evaluate
the differences between melatonin, Septin 7 siRNA or overex-
pression plasmid groups (RNA and protein level), and two-way
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ANOVA with Tukey's test was used to evaluate the differences
between melatonin, 4PBA, 3MA or combined groups (protein
level). Data were expressed as the mean + SEM. P<0.05 was
considered to indicate a statistically significant difference.

Results

Effects of melatonin on osteoblast apoptosis. Osteoblast
apoptosis was detected by flow cytometry with the
Annexin V-FITC/PI Apoptosis Detection kit. The results
indicated that when hFOB 1.19 cells were treated with mela-
tonin (1, 2,4 and 8 mM) for 24 h, the early and late apoptotic
rates of osteoblast cells increased significantly compared
with the control group in a concentration-dependent manner
(Fig. 1A). The inhibitory effect at 2 mM concentration was
most suitable; at 4 and 8 mM, early apoptotic rates increased
significantly, resulting in cell death. Subsequently, fluores-
cence microscopy with the fluorescent Hoechst 33342 stain
was used to observe chromatin condensation in the nucleus
and apoptotic body formation. The results demonstrated that
the nuclei became dense in a melatonin concentration-depen-
dent manner (Fig. 1B).

Effects of melatonin on PARP-1 expression. The aforemen-
tioned results indicated that apoptosis rates increased in
osteoblasts induced by 2 mM melatonin. This was further
examined by measuring protein expression levels of the
apoptosis marker protein PARP-1 in cells treated with 2 mM
melatonin at 0, 6, 24 and 48 h (Fig. 2). The results demon-
strated that PARP-1 expression was significantly increased in
a time-dependent manner.

Effects of melatonin on CHOP and GRP78 expression. CHOP
and GRP78 are marker proteins of ERS-induced apoptosis; as
such, the expression levels of these proteins were examined in
hFOB 1.19 cells treated with 2 mM melatonin for 0, 6, 24 or
48 h. Western blotting results indicated that CHOP and GRP78
expressions increased significantly over time compared with
treatment for O h, and this was in a time-dependent manner
(Fig. 3A and B, respectively).

Effects of melatonin on osteoblast autophagy. To examine the
role of autophagy in melatonin-induced osteoblast apoptosis,
expression levels of the autophagy marker protein LC3-I/I1
was examined in cells treated with 2 mM melatonin at 6, 24
and 48 h. As presented in Fig. 4, LC3-II protein expression
increased significantly over time compared with the control
(P<0.05), with the highest levels observed at 48 h.

Relationship between apoptosis, autophagy and ERS.
To further investigate the association between apoptosis,
autophagy and ERS in melatonin-treated osteoblasts, cells
were incubated with either 2 mM melatonin, 4PBA (ERS
inhibitor), 3MA (autophagy inhibitor), or two or three of
these in combination for 24 h, and the expression levels of
PARP-1 protein was determined using western blotting. The
results showed that expression of PARP-1 was not significantly
different when cells were treated with 4PBA or 3MA alone
compared with the control; however, when osteoblast cells
were treated with a combination of 4PBA or 3MA and 2 mM
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melatonin (or all three) for 24 h, the expression of PARP-1
increased significantly compared with the control (Fig. 5).

Relationship between septin7 and melatonin-induced ERS.
To improve the understanding of the relationship between
septin7 and ERS in melatonin-induced osteoblasts, septin7
expression was knocked down using siRNA. Osteoblasts
transfected with septin7 siRNA exhibited a significant
decrease in septin7 mRNA expression compared with
the scramble siRNA, confirming successful transfection
(Fig. 6A). septin7 siRNA transfection led to a decrease in
GRP78 and CHOP protein expression levels (Fig. 6B),
although the changes were not significant, even when in
combination with melatonin. These data suggested that
melatonin-mediated ERS may induce osteoblast proliferation
by regulating septin7 expression.

It was also determined whether exogenous expression
of septin7 could rescue the inhibition of GRP78 and CHOP
expression caused by septin7 knockdown in osteoblasts by
co-transfections with a septin7 overexpression plasmid. The
expression levels of septin7, GRP78 and CHOP proteins
were evaluated by western blotting. As shown in Fig. 6B,
exogenous expression of septin7 restored cellular septin7 levels
in septin7 knockdown cells induced by melatonin. It was also
found that when transfected with the septin7 overexpression
plasmid, osteoblasts showed significantly higher GRP78 and
CHOP expression compared with the control.

Discussion

Melatonin is a neuroendocrine hormone mainly secreted by
the pineal body that plays an important part in regulating
physiological and pathological processes in humans, such as
bone growth and vertebral body molding (24-28). Melatonin
has been shown to trigger apoptosis in human alveolar rhabdo-
myosarcoma cells and could be considered a promising drug
for future multitargeted therapies (28), but the role of melatonin
in osteoblast apoptosis remains unclear. Our previous study
demonstrated that a high concentration of melatonin could
increase the concentration of calcium ions, causing an imbal-
ance in the homeostasis of intracellular calcium, thus leading
to calcium overload (15-20). Calcium overload induces ERS,
which is associated with autophagy and apoptosis. But in our
previous studies, the role of autophagy in melatonin-induced
osteoblast apoptosis and the relationship between autophagy
and ERS were not investigated, thus leading us to perform the
present study to explore this. Based on preliminary experi-
ments, four melatonin concentrations were chosen as they have
been shown to have negative effects in vitro: 1,2,4 and 8§ mM.
In this work, it was confirmed that 2 mM melatonin readily
induced apoptosis. In addition, a high concentration of mela-
tonin caused intracellular calcium overload, which resulted in
ERS, induced osteoblast autophagy and promoted osteoblast
apoptosis.

Apoptosis is a type of programmed cell death controlled
by genes, including Bax and Bcl-2, that occurs as a homeo-
static mechanism to maintain cell populations in the internal
environment (11,29). Tumor cell studies have shown that
melatonin can induce apoptosis (30); the present study
demonstrated that early and late apoptotic rates of osteoblast
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Figure 1. Effects of melatonin on apoptosis in hFOB 1.19 osteoblast cells. (A) Apoptotic rates of hFOB 1.19 cells treated with melatonin at various concentrations
(1,2,4 and 8 mM) were determined using an Annexin V-FITC/PI kit for 24 h. (B) Chromatin condensation in the nucleus were observed in melatonin-induced
osteoblast cells (1, 2,4 and 8 mM) using Hoechst 33342 stain with a fluorescent microscope. Experiments were performed in triplicate, and data are shown as

the mean + SEM. “P<0.05, ""P<0.01 vs. Control. PI, propidium iodide.

cells treated with melatonin increased significantly as the
concentration increased. The data also indicated that chro-
matin condensation in the nucleus and high expression of
PARP-1 could be observed in osteoblast cells treated with
2 mM melatonin. PARP-1 is an apoptosis marker protein
and is closely related to the repair of DNA under stress (31);
it is activated by recognizing the DNA fragment of struc-
tural damage and is considered to be the receptor of DNA
damage (32). The findings of the present study indicate that
melatonin may induce osteoblast apoptosis, although the
mechanism is unclear.

ERS is an essential biological phenomenon that can
be activated by a number of conditions, including fatigue,
calcium imbalance and oxidative stress (33). The endoplasmic
reticulum activates a series of unfolded protein responses to
protect cells from damage and promote cell survival. However,
when the ERS is too strong or has endured too much damage
to repair, the endoplasmic reticulum can initiate a GRP78
or CHOP pathway to induce apoptosis (19). Previous experi-
ments by the authors demonstrated that a high concentration
of melatonin can cause calcium overload and inhibit osteoblast
cell proliferation (13-15). Other research has demonstrated
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Figure 2. Effects of melatonin on PARP-1 expression in hFOB 1.19 osteoblast cells. (A) Representative western blotting images showing PARP-1 protein
expression levels in hFOB 1.19 cells treated with 2 mM concentration of melatonin for 0, 6, 24 and 48 h. (B) Corresponding densitometric analysis of the data
presented in (A) B-actin was used as a loading control. Experiments were performed in triplicate, and data are shown as the mean + SEM. "P<0.05, “P<0.01
vs. 0 h. PARP-1, poly (ADP-ribose) polymerase 1.
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Figure 3. Effects of melatonin on CHOP and GRP78 expression levels in hFOB 1.19 osteoblast cells. (A) Representative western blotting image showing CHOP
protein expression. (B) Corresponding densitometric analysis of the data presented in (A). (C) Representative western blotting image showing GRP78 protein
levels. (D) Corresponding densitometric analysis of the data presented in (C) B-actin was used as a loading control. Experiments were performed in triplicate,
and data are shown as the mean = SEM. "P<0.05, “'P<0.01 vs. 0 h. CHOP, C/EBP homologous protein; GRP78, glucose-regulated protein, 78 kDa.
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Figure 4. Effects of melatonin on osteoblast autophagy in hFOB 1.19 cells. The effect of melatonin (2 mM) on LC3-II protein expression levels was measured
by western blotting and densitometric analysis. $-actin was used as a loading control. Experiments were performed in triplicate, and data are shown as the
mean = SEM. "P<0.05 vs. 0 h. LC3, microtubule-associated protein 1 light chain 3f.

that melatonin modulates ERS and the AKT/glycogen
synthase kinase-3f signaling pathway in a rat model of renal
warm ischemia reperfusion (34); thus, we hypothesized that
melatonin-induced osteoblast apoptosis is related to ERS. To
examine this possibility, the effect of melatonin on GRP78 and
CHOP expression was investigated in the present study. The
results showed that melatonin increased GRP78 and CHOP
expression as treatment time increased, which suggested that

melatonin activated the ERS to initiate a specific apoptotic
pathway to induce apoptosis (19).

Conversely,activated unfolded protein responses caninitiate
the autophagy pathway to eliminate the misfolded protein and
restore homeostasis of the endoplasmic reticulum to promote
cell survival; however, an excessive autophagy pathway can
also cause programmed cell death (35). A previous study also
examined the involvement of autophagy in melatonin-induced
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Figure 5. Relationship between apoptosis, autophagy and ERS in hFOB 1.19 cells. Osteoblasts were treated with 4PBA (an ERS inhibitor), 3MA (an
autophagy inhibitor) or 2 mM melatonin alone or in various combinations for 24 h. (A) Representative western blotting image showing PARP-1 expression.
(B) Corresponding densitometric analysis of the data presented in (A). Experiments were performed in triplicate, and data are shown as the mean + SEM.
“P<0.05 vs. control. ERS, endoplasmic reticulum stress; mela, melatonin; PARP-1, poly (ADP-ribose) polymerase 1.
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Figure 6. Relationship between septin7 and melatonin-induced endoplasmic reticulum stress in hFOB 1.19 cells. (A) Septin7 mRNA expression detected by
reverse transcription-quantitative PCR in osteoblasts transfected with septin7 siRNA or overexpression vector, and corresponding controls. (B) Osteoblasts
were treated for 24 h with 2 mM melatonin, septin7 siRNA or septin7 overexpression RNA alone or combined (the group 4 cells were transfected with
si-septin7, and subsequently transfected with septin7 overexpression vector.). Protein expression levels were analyzed by western blotting. Experiments were
performed in triplicate, and data are shown as the mean = SEM. "P<0.05 vs. scramble siRNA; “P<0.01 vs. empty vector control.

osteoblasts (36). Autophagy is an important cellular mecha-
nism that degrades damaged macromolecules and cytoplasmic
organelles; it plays a key role in cell survival, renewal, substance
reuse and maintenance of internal homeostasis (37-39).
The role of autophagy in bone metabolism has been previ-
ously reported. For example, autophagy attenuates oxidative
stress-induced apoptosis of MC3T3-El osteoblasts (40).
Qi et al (41) indicated that autophagy maintains the function
of bone marrow mesenchymal stem cells to prevent estrogen
deficiency-induced osteoporosis. The present findings showed
that autophagy was triggered when osteoblasts were treated
with melatonin, and the degree of autophagy increased gradu-
ally over time, as shown by the autophagy marker LC3-II.
Apoptosis and autophagy are two programmed cell death
processes that operate independently in numerous biological
activities, this includes roles in morphology, as biochemical
indicators and as regulators of cell death (42-46). To further
understand the relationship between ERS, autophagy and
apoptosis in melatonin-induced osteoblasts, osteoblasts were
treated with either the ERS inhibitor 4PBA, autophagy inhibitor
3MA and 2 mM melatonin, or all three, after which PARP-1

expression increased significantly, indicating an increase in
apoptosis. However in the present study, 4PBA and 3MA could
expand the effect of melatonin, suggesting that both ERS and
autophagy can play a protective role in promoting survival,
which attenuated melatonin-induced apoptosis to some extent.

The endoplasmic reticulum is sensitive to stress. It main-
tains its structure and function by regulating membrane
proteins and selectively transports these proteins to transmit
biological effects (47). It is currently unclear how the endo-
plasmic reticulum is involved in the melatonin-induced
changes in protein expression and how it transports the related
membrane protein to transmit the biological information to
the cell membrane. A previous study by the authors found
that melatonin treatment induced osteoblast proliferation,
and this was associated with septin7 protein expression (15).
Another previous study has demonstrated that septin4 is
highly expressed on the endoplasmic reticulum and Golgi
membrane of HeLa cells, as detected using the siRNA screen
technique (48). When stimulated, septin4 redistributes rapidly
on the plasma membrane, resulting in an influx of calcium ions
in the cell membrane, suggesting that the septin superprotein
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family have roles in apoptosis via the induction of ERS. The
septin7 superprotein family may also be the target protein of
melatonin acting on osteoblasts, which can initiate the upregu-
lation of calcium ions and cause calcium overload. The findings
of the present study indicated that septin7 may be a target
protein of melatonin-induced ERS. Melatonin acting on septin?
at the endoplasmic reticulum membrane may initiate ERS and
induce osteoblast autophagy followed by osteoblast apoptosis
as autophagy increases. However, when septin7 was knocked
down and overexpressed the results were not significant, which
suggests that there may be another target protein involved.

In conclusion, results from the present study suggested that
ERS and autophagy may occur in an early state of treatment
with a high concentration of melatonin (=2 mM), both of
which can play a protective role in promoting survival. In later
stages of treatment (>48 h), they might interact and contribute
to the induction of apoptosis. Moreover, septin7 may be a
target protein of melatonin-induced ERS. These data provide
a theoretical basis and new ideas for therapies using melatonin
to treat patients with idiopathic scoliosis.
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