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Abstract. Our previous study demonstrated that melatonin 
could induce apoptosis in the human fetal osteoblastic 
(hFOB) 1.19 cell line via induction of endoplasmic reticulum 
stress (ERS), and recent studies have demonstrated that the 
expression of septin‑7 (SEPT7) exhibits a positive correla-
tion with the concentration of melatonin. Western blotting 
demonstrated the expression level of SEPT7 was significantly 
upregulated in a dose‑dependent manner following treatment 
with differing concentrations of melatonin compared with 
the control groups, which did not receive any treatment. The 
expression of proteins associated with cell apoptosis and 
endoplasmic reticulum stress (ERS; pro-caspase‑3, cleaved 
caspase‑3, C/EBP‑homologous protein, 78 kDa glucose‑regu-
lated protein and phosphorylated‑eukaryotic translation 
initiation factor 2α) were decreased following transfection 
with SEPT7 overexpression plasmid and increased following 
transfection with SEPT7 small interfering RNA compared 
with the control groups. The results of the present study 
suggest that SEPT7 inhibits melatonin‑induced cell apoptosis 
via suppression of ERS.

Introduction

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 
determination, vesicle trafficking and apoptosis  (1‑4). In 
addition, a previous study revealed that septin‑7 (SEPT7), a 
member of septin family, can suppress cell cycle progression 
in yeast via its highly homologous cDNA sequence to cell 
division control protein 10 (5). Furthermore, a previous study 

revealed that SEPT7 exerts a suppressive effect on glioma cell 
proliferation and invasion and induces apoptosis, and it has 
been suggested that SEPT7 exerted suppressive effects on the 
growth and invasion of glioma cells, inducing cell apoptosis, 
which suggested that SEPT7 is a glioma suppressor gene (6). 
Zhang et al  (7) demonstrated that the silencing of SEPT7 
inhibits cell proliferation and apoptosis in human breast cancer 
cells. In addition, it has been demonstrated that miR‑127 can 
inhibit cell proliferation via suppression of SEPT7 expression 
in hepatocellular carcinoma cells (HCC), which suggests that 
SEPT7 promotes cell proliferation and inhibits apoptosis (8). 
Therefore, it may be suggested that in tumor‑associated cells, 
SEPT7 may exhibit an inhibitory and promotive effect on cell 
apoptosis; thus the exact molecular mechanism of SEPT7 has 
not yet been determined. Our previous study demonstrated that 
melatonin can induce cell apoptosis in the human fetal osteo-
blastic cell line hFOB 1.19 by activating the phosphorylated 
extracellular signal regulated kinase (p‑ERK)‑p‑eukaryotic 
translation initiation factor 2α (eIF2α)‑activating transcrip-
tion factor 2 signal transduction pathway (9), and ERS may 
mediate this process. In the present study, in vitro experi-
ments were performed to further investigate whether SEPT7 
inhibits melatonin‑induced apoptosis or whether it acts as a 
potential target for melatonin in the hFOB 1.19 cell line. In the 
present study, in vitro experiments were performed following 
the construction and transfection of a SEPT7 overexpression 
plasmid into hFOB 1.19 cells, and apoptosis/ERS associ-
ated proteins including (p‑eIF2α), 78 kDa glucose‑regulated 
protein (GRP78), C/EBP‑homologous protein (CHOP), pro-
caspase‑3 and cleaved caspase‑3 were investigated to reveal 
whether SEPT7 has an inhibitory or stimulative effect in 
melatonin‑induced apoptosis, or whether SPET7 acts as a 
potential target of melatonin in hFOB 1.19 cells.

Materials and methods

Cell culture and reagents. The hFOB 1.19 cell line, provided 
by the Department of Biochemistry and Molecular Biology, 
the Mayo Clinic (Rochester, MN, USA) (10) was maintained 
in a 1:1  mixture of Dulbecco's modified Eagle's medium 
(DMEM) and F12 medium without phenol red (HyClone, 
Laboratories; GE Healthcare Life Sciences, Logan, UT, USA). 
Cells were supplemented with 10% fetal bovine serum (FBS; 
Clark Bioscience, Richmond, VA, USA) and maintained 
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in an atmosphere of 5% CO2 and at a temperature of 37˚C. 
Medium was replaced with fresh medium every two days. 
Cells were utilized in passages 8‑11. Melatonin dissolved in 
0.2% dimethyl sulfoxide (DMSO) or vehicle treatment with 
0.2%  DMSO (in culture medium, DMEM and F12) was 
performed 37˚C with 10% FBS. Melatonin was obtained from 
Sigma‑Aldrich; Merck KGaA (Darmstadt, Germany). Primary 
monoclonal antibodies against GRP78 (cat. no.  ab21685), 
caspase‑3 (cat. no.  ab90437), p‑eIF2α (cat. no.  ab4837), 
SEPT7 (cat. no. ab186021), CHOP (cat. no. 194533) and goat 
anti‑rabbit secondary antibodies (cat. no. ab6721) were all 
purchased from Abcam (Cambridge, MA, USA).

Overexpression plasmid construction. The SEPT7 fragment 
was cloned from normal human cDNA from hFOB  1.19 
cells into GV230 plasmids (200 ng; Shanghai GeneChem 
Co., Ltd., Shanghai, China) between XhoI/KpnI sites to 
overexpress SEPT7 in hFOB 1.19 cells. Full‑length SEPT7 
gene (4,377 bp; GenBank NM_001011553) was amplified by 
polymerase chain reaction (PCR). The PCR primers used 
were as follows: Forward, 5'‑CTG​CTC​ACA​ATA​GTT​GAT​
ACC​CC‑3' and reverse, 5'‑TGT​TCA​CTC​GTG​ATT​CTG​
CAT​T‑3'. The PrimeSTAR HS DNA polymerase, was also 
obtained from Shanghai GeneChem Co., Ltd., 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; 1 µl) using ClonExpress II 
One Step Cloning kit (Vazyme Biotech Co., Ltd., Nanjing, 
China) and sequencing, the PCR product was cloned into 
the XhoI/KpnI sites of the GV230 expression vector. The 
recombinant GV230‑SEPT7 plasmid was confirmed via 
endonuclease digestion and DNA sequencing (Shanghai 
GeneChem Co., Ltd.) prior to transfection into hFOB 1.19 
cells using Lipofectamine 2000® (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). In addition, the GV230 
vector (used as a negative control) was also transfected into 
cells using Lipofectamine 2000®.

SEPT7 small interfering (si)RNA transfection. Cells were 
cultured in DMEM and F12 medium supplemented with 10% 
FBS (Clark Bioscience) in a humidified incubator at 37˚C and 
5% CO2. At 70‑80% confluence, cells were transfected with 
SEPT7 small interfering (si)RNA (60 nM; sense, 5'‑CGA​
CUA​CAU​UGA​UAG​UAA​AUU‑3' and antisense, 5'‑UUU​ACU​
AUC​AAU​GUA​GUC​GAU‑3'; (Shanghai Genechem Co., Ltd.) 
using Lipofectamine® 2000 according to the manufacturer's 
protocol (Invitrogen; Thermo Fisher Scientific, Inc.). Overall, 
there were three control groups: Blank control (medium only), 
transfection reagent control (to eliminate the toxic influence of 
Lipofectamine 2000, and the influence of Lipofectamine 2000 
on the expression of the target gene) and scrambled siRNA 
control (5'‑GAA​ATT​TAT​AAC​GAT​CAG​TCT‑3').

Western blotting. Following treatment, proteins were extracted 
from hFOB 1.19 cells via incubation with radioimmunoprecip-
itation assay lysis buffer (Beyotime Institute of Biotechnology, 
Shanghai, China) for 30 min at 4˚C. The supernatant containing 
total protein was harvested and proteins were quantified using 
the bicinchoninic acid method. Aliquots containing 50 µg 
protein per lane were separated on a 12% gel using SDS‑PAGE 

and then transferred to polyvinylidene fluoride membranes at 
60 V for 2 h at 4˚C. Subsequently, membranes were soaked in 
5% blocking buffer, containing 25 mg bovine serum albumin 
(Beyotime Institute of Biotechnology) in Tris-buffered 
saline (TBS) buffer to final volume of 0.5 liters, at 4˚C for 2 h. 
Proteins were then incubated with primary antibodies against 
to GRP78 (cat. no. ab21685), caspase‑3 (cat. no. ab90437), 
p‑eIF2α (cat. no. ab4837), SEPT7 (cat. no. ab186021), CHOP 
(cat. no. 194533) and β‑actin (cat. no. ab8226) were purchased 
from Abcam (Cambridge, MA, USA), diluted at 1: 5,000 and 
incubated overnight at 4˚C, followed by incubation with goat 
anti‑rabbit horseradish peroxidase‑conjugated secondary anti-
bodies (1:10,000; cat. no. ab6721) for 2 h at room temperature. 
The DNR imaging system (DNR Bio‑Imaging Systems, Ltd., 
Jerusalem, Israel) was used to visualize specific bands using 
the BeyoECL Plus (Beyotime Institute of Biotechnology) 
protocol, and the optical density of each band was determined 
using ImageJ software (version 1.51; National Institute of 
Health, Bethesda, MD, USA). The ratio between target proteins 
and β‑actin was determined and graphically presented.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) assay. Total RNA was extracted from hFOB 1.19 
cells using E.Z.N.A.® Total RNA Midi kit (Omega Bio‑Tek, 
Inc., Norcross, GA, USA) according to the manufacturer's 
protocol. Samples were quantified spectrophotometrically at 
260 nm, with 260/280 nm ratios of 1.8‑2.0 considered to be 
acceptable. RNA quality was confirmed using 1% agarose gel 
electrophoresis stained with 1 µg/ml ethidium bromide. qPCR 
was performed using a LightCycler® 480 High‑Resolution 
Melting Master (Roche Diagnostics, Basel, Switzerland) 
using SYBR Premix Ex Taq™ II (Takara Biotechnology Co., 
Ltd., Dalian, China). Specific primers for SEPT7 (forward, 
5'‑ACG​GGT​TAG​GCT​CTT​GG‑3' and reverse primer, 5'‑CAG​
TGC​GTG​TCG​TGG​AGT‑3') were obtained from Shanghai 
GeneChem Co., Ltd. Amplifications were performed in a total 
volume of 20 µl and cycled 40 times following initial denatur-
ation (95˚C for 30 sec) with the following parameters: 95˚C for 
5 sec and 60˚C for 30 sec. β‑actin (forward, 5'‑TCC​TCC​CTG​
GAG​AAG​AGC​TA‑3' and reverse, 5'‑TCA​GGA​GGA​GCA​
ATG​ATC​TTG‑3') was used as an internal control. Analysis of 
the melting curve was performed to further verify the results 
of RT‑qPCR. RT‑qPCR data were quantified using the 2‑ΔΔCq 
method (11).

Statistical analysis. Data are presented as mean ± standard 
error of the mean and a minimum of three independent 
repeats were performed for each experiment. SPSS software 
(version 20.0; IBM Corp., Armonk, NY, USA) was used to 
perform data analysis. Independent t‑tests or one‑way analysis 
of variance followed by the Student-Newman‑Keuls test were 
performed to investigate differences between multiple groups. 
N‑fold values of ≤0.5 and >2 gene expression compared with 
control genes were considered to be significant. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Expression of SEPT7 increased with the increasing concen‑
tration of melatonin. First, western blot analysis revealed that 
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in hFOB 1.19 cells, the expression level of SEPT7 was signifi-
cantly upregulated in a dose‑dependent manner following 
treatment with differing concentrations of melatonin compared 
with the control groups which did not receive any treatments 
(P<0.05) (Fig. 1).

The influence of SEPT7 overexpression and inhibition 
on melatonin‑induced apoptosis and ERS in human 
hFOB 1.19 cells. In addition, to assess whether SEPT7 affects 
melatonin‑induced apoptosis, the SEPT7 overexpression 
plasmid and SEPT7 siRNA was constructed and transfected 
into hFOB  1.19 cells. The expression of SEPT7 in the 
GV230‑SEPT7 transfected group demonstrated a marked 
increase in expression, and the expression level of SEPT7 in 
the SEPT7 siRNA transfected group exhibited an obvious 
decrease compared with the control group (the GV230 vector 
transfected group; Fig. 2).

Following this, cells were treated with 4 mM melatonin 
and the expression of proteins associated with cell apoptosis 
and endoplasmic reticulum stress (ERS) were investigated via 
western blotting. The results of these analyses revealed that 
the levels of cleaved caspase‑3, C/EBP homologous protein 
(CHOP), 78 kDa glucose‑regulated protein (GRP78) and phos-
phorylated‑eukaryotic translation initiation factor 2α (p‑eIF2α) 
significantly increased and the expression of pro-caspase‑3 
decreased following treatment with melatonin compared with 
the control group which did not receive any treatments, thus 
suggesting that the rate of cell apoptosis increased. In addi-
tion, in the SEPT7 overexpression + 4 mM melatonin group, 
the levels of cleaved caspase‑3, CHOP, GRP78 and p‑eIF2α 
were significantly increased compared with the control group, 
and markedly suppressed compared with the 4 mM melatonin 
group (Fig. 3).

Finally, either SEPT7 siRNA or control siRNA 
were transfected into osteoblasts using Lipofectamine® 
2000 according to the manufacturer's protocol. There were 
three control groups: Blank control, transfection reagent 
control and scramble siRNA control. A rescue experiment was 
also performed via transfection with the SEPT7 overexpression 
plasmid (Shanghai Genechem Co., Ltd.). Western blot analysis 
was then performed to assess the protein levels of CHOP, 
ATF4, p‑eIF2α, pro-caspase‑3 and cleaved caspase‑3. The 
results demonstrated that the levels of CHOP, ATF4, p‑eIF2α 
and cleaved caspase‑3 in the group treated with melatonin in 
combination with SEPT7 siRNA were increased significantly, 
compared with those in the control groups (Fig. 4). Following 
transfection with SEPT7 siRNA, the expression level of SEPT7 
decreased significantly (Fig. 2). The SEPT7 overexpression 
plasmid was then transfected into cells in order to perform the 
rescue experiment. The results demonstrated that following 
transfection with the SEPT7 overexpression plasmid the 
expression level of SEPT7 was increased to a level similar to 
the 4 mM melatonin‑treated group, compared with the control 
group (Fig. 2). Therefore, the results suggest that silencing 
of SEPT7 may enhance the intensity of melatonin‑induced 
apoptosis (by affecting the level of apoptosis‑related proteins) 
and ERS in human osteoblasts cell line hFOB 1.19. Therefore 
concluding that the existence of SEPT7 may be a protective 
factor in melatonin‑induced apoptosis in human osteoblasts 
cell line hFOB 1.19.

Discussion

It has previously been demonstrated that melatonin is associ-
ated with aging, reproduction, tumor growth and multiple other 
biological progresses in human cells (12‑14). Our previous 
study revealed that melatonin can regulate cell apoptosis by 
inducing ERS in hFOB 1.19 cells (9). During melatonin‑induced 
apoptosis, proteins associated with well‑established apoptotic 
pathways, such as CHOP, pro-caspase‑3, cleaved caspase‑3 and 
p‑eIF2α; were upregulated, and thus may represent indicators 
for the occurrence and rate of melatonin induced apoptosis.

Septins are a class of super protein families with a molecular 
weight of 30‑65 kDa and have conserved structures. Previous 
studies have demonstrated that septin proteins are one of the four 
cytoskeletal components, the other three being tubulin, micro-
filament and intermediate fibrin (15,16), and have important 
roles in the transportation of intracellular substances (17,18), 
the regulation of cell division and the cell cycle (19,20) as well 
as other physiological processes, such as apoptosis. A previous 
study demonstrated that under certain conditions, such as 
in the presence of apoptotic factors, septin 4 (SEPT4) may 
become detached from the mitochondria and be released into 
the cytoplasm following binding with an inhibitor of cysteine 
and aspartic acid proteases, it is then relieved of the inhibitory 
effect of X‑linked inhibitor of apoptosis protein and enhanced 
the activity of cysteine and aspartic acid proteases afterwards, 
then finally promotes cell apoptosis  (21). However, it has 
been demonstrated that septin 9 (SEPT9) is overexpressed in 
numerous types of tumors and also promotes cell proliferation 
in prostate cancer (22,23). Therefore, the effects of SEPT4 
and SEPT9 are opposite and thus the functions of the septin 

Figure 1. Expression of SEPT7 following treatment with different concentra-
tions of melatonin for 24 h in human osteoblastic cells line hFOB 1.19. Each 
bar represents the mean ± standard error of the mean of three independent 
experiments. *P<0.05 and **P<0.01 vs. control cells, which did not receive any 
treatments. SEPT7, septin‑7.
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superfamily associated with cell proliferation and apoptosis are 
unclear. Considering that septin proteins have been identified 
in all eukaryotes (15) and that the association between SEPT7 

and hFOB 1.19 cells has not been extensively investigated, the 
present study aimed to investigate whether SEPT7 has a role 
in melatonin‑induced cell apoptosis in hFOB 1.19 cells. The 

Figure 2. Protein and mRNA expression of SEPT7 following treatment with SEPT7 overexpression plasmid or SEPT7 siRNA in human osteoblastic cells 
line hFOB 1.19. Each bar represents the mean ± standard error of the mean of three independent experiments. *P<0.05 and **P<0.01 vs. control cells. SEPT7, 
septin‑7; si, small interfering.

Figure 3. Expression of CHOP, p‑eIF2α, GRP78, pro-caspase‑3 and cleaved caspase‑3 following treatment with 4 mM melatonin alone for 24 h, or after the 
transfection with the SEPT7 overexpressing plasmid in human osteoblastic cells line hFOB 1.19. Each bar represents the mean ± standard error of the mean 
of three independent experiments. *P<0.05 and **P<0.01 vs. control cells. SEPT7, septin‑7; CHOP, C/EBP‑homologous protein; p‑eIF2α, phosphorylated 
eukaryotic translation initiation factor 2α; GRP78, 78 kDa glucose‑regulated protein; si, small interfering.
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results of western blot analysis revealed that the expression 
of SEPT7 was upregulated in melatonin‑treated groups in a 
dose‑dependent manner, which suggests that SEPT7 may be a 
protective factor in melatonin‑induced apoptosis in hFOB 1.19 
cells. To further investigate this, a SEPT7 overexpression 
plasmid was constructed and transfected into hFOB 1.19 cells, 
and apoptosis‑associated proteins CHOP and caspase‑3 were 
investigated via western blot analysis. Results demonstrated 
the above‑mentioned proteins decreased in the SEPT7 overex-
pression group compared with the 4 mM melatonin treatment 

group, which can demonstrate that the existence of SEPT7 
served a protective role in melatonin‑induced apoptosis in 
human osteoblasts cell line hFOB 1.19. The results therefore 
suggested that SEPT7 attenuates apoptosis in hFOB  1.19 
cells. Transfection with SEPT7‑siRNA also demonstrated 
that SEPT7 has a protective, not a stimulative, role in mela-
tonin‑induced cell apoptosis in hFOB 1.19 cells. Previous 
studies have revealed that SEPT7 inhibits apoptosis via a 
caspase‑independent pathway (24), which is consistent with our 
conclusions. However overexpression of SEPT7 inhibits cell 

Figure 4. Expression of CHOP, p‑eIF2α, GRP78, pro-caspase‑3 and cleaved caspase‑3 after treatment with 4 mM melatonin alone for 24 h, or after the 
transfection of SEPT7 siRNA in human osteoblastic cells line hFOB 1.19. Each bar represents the mean ± standard error of the mean of three independent 
experiments. *P<0.05 and **P<0.01 vs. control cells. SEPT7, septin‑7; CHOP, C/EBP‑homologous protein; p‑eIF2α, phosphorylated eukaryotic translation 
initiation factor 2α; GRP78, 78 kDa glucose‑regulated protein; si, small interfering.
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proliferation and induces G0/G1 phase arrest in human glioma 
cells, both in vitro and in vivo (25) which is in contrast with our 
conclusions, the anti‑apoptotic effect in normal cells indicates 
that SEPT7 may serve a protective role in all kinds of cells.

Our previous study  (9) have demonstrated that mela-
tonin‑induced cell apoptosis in hFOB 1.19 cells is associated 
with the protein kinase RNA‑like endoplasmic reticulum 
kinase pathway, and the occurrence of ERS was demonstrated 
via investigation into the expression levels of GRP78 and 
GRP94. Previous study has suggested that the expression 
levels of GRP78 and GRP94 are significantly enhanced when 
ERS occurs (26). Therefore, the present study investigated 
ERS‑associated proteins GRP78 and p‑eIF2α; the results 
revealed that following transfection of the melatonin‑treated 
cells with the SEPT7 siRNA, the expression levels of GRP78 
were significantly increased compared with those in SEPT7 
siRNA non‑transfected melatonin‑treated cells. Furthermore, 
the levels of GRP78 and p‑eIF2α were significantly decreased 
in the SEPT7 siRNA transfected group compared with the 
SEPT7 siRNA non‑transfected and melatonin‑treated cells, 
which suggests that the intensity of the ERS was decreased 
compared with the 4 mM melatonin group (Fig. 4). Taken 
together, it can be suggested that SEPT7 inhibits mela-
tonin‑induced cell apoptosis via suppression of ERS.

However, the underlying mechanism associated with the 
effects of SEPT7 remains unclear. An ongoing study by the 
authors suggests that this mechanism may be associated with 
certain miRNAs (MiR‑590‑3p; Meng et al, unpublished data), 
and we will investigate this further in later studies.
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