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Downregulation of SYT7 inhibits glioblastoma
growth by promoting cellular apoptosis
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Abstract. Synaptotagmin-7 (SYT7) is a member of the
synaptotagmin gene family, and encodes a protein that
mediates the calcium-dependent regulation of membrane
trafficking during synaptic transmission. A previous study
demonstrated that the expression of SYT7 is associated with
prostate cancer and serves an important role in develop-
ment of prostate cancer. However, the roles of SYT7 in the
progression of glioma remain unknown. In the present study,
reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) analysis demonstrated that SYT7 was expressed
in three human glioma cell lines. Western blotting and
RT-gPCR analysis demonstrated the knockdown efficiency of
SYT7 shRNA in 293T cells and US7MG cells. Celigo Image
Cytometer Analysis, a caspase-3/7 assay, flow cytometry and
an MTT assay demonstrated that the proliferation of U§7MG
cells was inhibited as SYT7 was downregulated by a lentiviral
vector expressing SYT7 shRNA, via the promotion of cellular
apoptosis. The results of the present study demonstrated that
the downregulation of SYT7 inhibited glioblastoma growth by
promoting cellular apoptosis, and that SYT7 may therefore be
a potential target for glioma intervention.

Introduction
Glioblastoma is a common type of malignant tumor in the

central nervous system, characterized by aggressive behavior,
rapid progression, high recurrence rates and poor prognosis.
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The median survival of patients with glioblastoma patients
is <1 year (1-4). Although progress has been made in the
biological research into and treatment of glioblastoma, the
primary treatment for glioblastoma is surgery combined
with postoperative radiotherapy, chemotherapy and immuno-
therapy; however, the overall therapeutic effect remains poor.
Knowledge about this malignant tumor is limited, and its exact
pathogenesis remains unclear. Therefore, it is of importance to
examine the molecular mechanism underlying the progression
of glioblastoma.

The mammalian synaptotagmin (SYT) family consists of
17 isoforms. SYT proteins are sensors of calcium signaling
in cellular secretions (5-8). SYT consists of a transmembrane
helix close to the N-terminus, a flexible region of variable
length, and two C2 domains (9), with an average length of
~135 amino acid residues, and each of them is composed of
eight B-folding and three ring structures. SYT1-SYT7 are all
expressed in the brain, particularly SYT1, SYT2, SYT3 and
SYT7 (10). SYT7 is widely distributed in different types of
biological tissue, and it may be spliced to >12 SYT7 vari-
ants with differing genetic structures. SYT7 is located in
core vesicles, opposite the reticular structures of the Golgi
apparatus and lysosomes in PC12 cells (11). SYT is able to
interact with soluble N-ethylmaleimide-sensitive fusion
protein attachment protein receptor (SNARE) to regulate
fusion of the vesicle membrane and plasma membrane, which
serves an important role in cell secretion (12). A previous
study demonstrated that SYT7 is able to regulate apoptosis,
cell differentiation, cytokine activity, amine biosynthesis,
transcriptional regulation and vesicular transport (13). SYT7
is involved in lysosome-mediated repair mechanisms and
induces apoptosis (14), and it is associated with prostate
cancer and serves an important role in prostate cancer devel-
opment (15). However, the roles of SYT7 in the progression of
glioma remain unknown.

The present study demonstrated that SYT7 was expressed
in glioblastoma, and that the proliferation of US7MG cells was
inhibited as SYT7 was downregulated by a lentiviral vector
expressing SYT7 short hairpin (sh)RNA, via the promotion
of cellular apoptosis. The results of the present study demon-
strated that downregulation of SYT7 may inhibit glioblastoma
growth by promoting cellular apoptosis. These results enhance
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the possibility that SYT7 may be a therapeutic target for
glioblastoma treatment.

Materials and methods

Cell culture and reagents. The human glioma cell lines
A172 (cat. no. TCHul71), U251 (cat. no. TCHu58) and U87
(cat. no. TCHul38), and human epithelial 293T cells (cat.
no. GNHul7) (all from Cell Bank of the Chinese Academy
of Sciences, Shanghai, China) were cultured in Dulbecco's
modified Eagle's medium (DMEM; Hyclone; GE Healthcare
Life Sciences, Logan, UT, USA) supplemented with 10%
heat-inactivated fetal bovine serum (Hyclone; GE Healthcare
Life Sciences) at 37°C in an atmosphere which contains
5% CO,. The U87 cell line employed in the present study
is known to be misidentified/cross-contaminated with an
unknown cell line, which is most likely also a glioblastoma
cell line (16).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) assay. Total RNA was extracted from the three
glioma cell lines (A172, U251 and U87) using the TRIzol
total RNA reagent (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA). cDNA synthesis was performed
using 2 pg total RNA using the RevertAid™ H Minus First
Strand cDNA Synthesis kit (Takara Bio, Inc., Otsu, Japan). The
SYT?7 primers were obtained from Shanghai GeneChem Co.,
Ltd. (Shanghai, China), and GAPDH was used as an internal
control. The primers were as follows: SYT7 forward, 5-ACT
CCATCATCGTGAACATCATC-3' and reverse, 5'-TCGA
AGGCGAAGGACTCATTG-3"; GAPDH forward, 5-TGA
CTTCAACAGCGACACCCA-3" and reverse, 5'-CACCCT
GTTGCTGTAGCCAAA-3". qPCR was performed using
the SYBR PrimeScript qPCR kit (Takara Bio, Inc.) on an
Applied Biosystems 7300 Fluorescent Quantitative PCR
System (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The reaction mixtures were incubated at 95°C for 30 sec, with
45 amplification cycles at 95°C for 5 sec, 60°C for 30 sec and
72°C for 60 sec, followed by a final extension of 72°C for
7 min. The PCR products of SYT7 and GAPDH were 178 and
121 bp, respectively. The relative expression of SYT7 mRNA
was calculated via the 224%4 method (17), using the GAPDH
mRNA expression level for normalization.

Construction of the shRNA lentiviral vector and transfection.
The lentiviruses expressing shRNA targeting the sequence
of the SYT7 gene (5'-TCACCGTGAAGATCATGAA-3')
and negative control shRNA were purchased from Shanghai
GeneChem Co., Ltd. The shRNAs were subsequently
cloned into a pGCSIL-green fluorescent protein lentiviral
vector with Agel/EcoRI sites to generate recombinant the
lentiviral shRNA expression vectors. Lentiviral vectors
and packaging vectors were transfected into 293T cells
using Lipofectamine 2000, according to manufacturer's
instructions. Lentiviral particles were purified using
ultracentrifugation, and an endpoint dilution assay was
performed to determine the titer of the lentiviruses.
The U87MG glioblastoma cells, seeded in 6-well plates
at a density of 4.0x10° cells/well, were infected with
shSYT7-lentivirus (4x10® TU/ml x 2.5 pl) or negative control
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(8x10® TU/ml x 1.25 pl) lentivirus. The cells were observed
under a fluorescence microscope (MicroPublisher 3.3RTV;
Olympus, Tokyo, Japan) 72 h subsequently. Following 5 days
of infection, the knockdown efficiency of the shRNA-SYT7
vectors was investigated via qPCR analysis.

Cell growth assay. Cell growth was measured using a Celigo
Image Cytometer (Nexcelom Bioscience LLC, Lawrence,
MA, USA). US7MG cells at the logarithmic phase following
infection with the shCtrl lentivirus or shSYT7 lentivirus were
seeded at 2x10° cells/well in 96-well plates, 3 duplicates/group,
and incubated at 37°C for 5 days. The cells in the plates were
counted using the Celigo Image Cytometer for each day's
analysis.

Caspase-3/7 assay. USTMG cells at the logarithmic phase
following infection with the shCtrl lentivirus or shSYT7
lentivirus were seeded in a 96-well plate and incubated
at 37°C for 5 days in a 5% CO, incubator. Caspase-Glo3/7
(Promega, Madison, WI, USA) buffer and powder were mixed
to generate the Caspase-Glo reaction buffer and, following cell
counting, the cell suspension was adjusted to a concentration
of 1x10* cells/well at room temperature. Cells were seeded in a
new 96-well plate and a control group was designated; control
cells were plated in the same manner however, they were not
treated with reaction buffer. A total of 100 ul Caspase-Glo
reaction buffer was added to each well, the cells were incu-
bated for 2 h at 37°C, and the signal intensity was measured
using a Multiskan Spectrum microplate reader at 480 nm
(Tecan Group Ltd., Médnnedorf, Switzerland). All experiments
were performed in triplicate.

Apoptosis assay using flow cytometry. Annexin V-allophy-
cocyanin (APC) single labeling was performed to detect
cellular apoptosis. US87MG cells were infected with shSYT7
or shCtrl lentiviruses and incubated at 37°C. U87MG cells
were harvested by trypsinization and rinsed in 1X binding
buffer, followed by the addition of 10 ul Annexin V-APC
buffer (eBioscience; Thermo Fisher Scientific, Inc.) for 10 min
staining at room temperature. A FACSCalibur II cell sorter and
CellQuest Research Software (version 5.1; BD Biosciences,
San Diego, CA, USA) were used for the assay. All experiments
were performed in triplicate.

MTT cell proliferation assay. An MTT Cell Proliferation
Assay kit (American Type Culture Collection, Manassas, VA,
USA) was used for the cell proliferation assay, according to the
manufacturer's instructions. Cells were rinsed with PBS at the
end of the culture period and the MTT reagents were added to
the 96-well plate according to the manufacturer's instructions.
DMSO was then used to dissolve the formazan and the absor-
bance was measured using a microplate reader at 570 nm. All
experiments were repeated three times.

Western blot analysis. The cells were harvested at 48 h
following transfection and lysed in radioimmunoprecipita-
tion assay buffer (Beyotime Institute of Biotechnology,
Shanghai, China) for 30 min at 4°C. Proteins were extracted
and the concentration was determined using a Bicinchoninic
Acid Protein Assay kit (Pierce; Thermo Fisher Scientific,
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Inc.). Equal amounts of total protein (40 ug) of each group
was separated by SDS-PAGE on a 12.5% gel according to the
Laemmli method, as described by Liu et al (18), and trans-
ferred to polyvinylidene fluoride membranes. Membranes
were blocked in TBST buffer (containing 0.1% Tween-20)
with 5% skim milk at room temperature for 1 h, and then
incubated with the following primary antibodies overnight
at 4°C: Polyclonal mouse anti-SYT7 (cat. no. SAB1412773,
1:2,000; Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) and anti-GAPDH antibody (cat. no. sc-47724,
1:2,000; Santa Cruz Biotechnology, Inc., Dallas, TX,
USA). Goat anti-mouse immunoglobulin G conjugated
with horseradish peroxidase (cat. no. sc-2005; Santa Cruz
Biotechnology, Inc.) was used as the secondary antibody at
a 1:2,000 dilution for a 2 h incubation at room temperature.
The bound antibodies were detected using an Enhanced
Chemiluminescence Plus Western Blotting Detection System
(GE Healthcare Life Sciences, Little Chalfont, UK). GAPDH
was used as an internal control to normalize the SYT7
expression levels.

Statistical analysis. Data were statistically analyzed using a
¥’ test (for PCR, caspase-3/7 assay and FACS analysis) and
one-way analysis of variance with Scheffe's post hoc test,
using the SPSS 20.0 statistical software package (IBM Corp.,
Armonk, NY, USA). Data are presented as the mean + standard
deviation. P<0.05 was considered to indicate a statistically
significant difference.

Results

Expression of SYT7 in three human glioma cell lines. The
expression levels of SYT7 were examined in three glioma cell
lines (A172, U251 and U87). The expression levels of SYT7
mRNA were evaluated by RT-qPCR analysis. The results
demonstrated that SYT7 was expressed in all three human
glioma cell lines (Fig. 1). GAPDH was used as an internal
control.

Knockdown efficiency in 293T cells as determined by
western blotting. In order to determine the target knockdown
efficiency and exogenous selection, 293T cells were infected
with shSYT7 lentivirus and shCtrl lentivirus, and the SYT7
protein expression levels were measured by western blot-
ting. It was observed that the protein expression level of
SYT7 was decreased by shSYT7 compared with the shCtrl

group (Fig. 2).

shSYT7 works efficiently in US7MG cells. USTMG cells were
infected with shSYT7 lentivirus and shCtrl lentivirus in order
to demonstrate the efficacy of shSYT7 in US7MG cells. The
mRNA expression level of SYT7 was significantly down-
regulated by shSYT?7; treatment with shRNA decreased the
level of SYT7 mRNA to 20% of the control value (Fig. 3), as
determined by qPCR analysis.

Cell proliferation is inhibited by shSYT7 by promoting
cellular apoptosis. To examine the effect of SYT7 on cell
proliferation, US7MG cells were infected with shSYT7 and
shCtrl lentiviruses. Cells were seeded at 2x10° cells/well in
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Figure 1. Expression of SYT7 in three human glioma cell lines. SYT7 was
expressed in all three human glioma cell lines. GAPDH was used as an
internal control. SYT7, synaptotagmin-7.
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Figure 2. Knockdown efficiency in 293T cells, assayed by western blotting.
The protein expression level of SYT7 was decreased by shSYT7 compared
with the shCtrl group. sh, short hairpin; SYT7, synaptotagmin-7.
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Figure 3. shSYT7 works efficiently in US7MG cells. A total of 3 days
following shSYT lentivirus infection, the mRNA expression level of SYT7
was significantly downregulated by shSYT7 compared with the shCtrl group.
“P<0.01. sh, short hairpin; SYT7, synaptotagmin-7; Ctrl, control.

96-well plates and counted using the Celigo Image Cyto-
meter for 5 days. It was observed that U§7MG cell growth
was inhibited by shSYT7 compared with the shCtrl group
(Fig. 4). In addition, an MTT cell proliferation assay was
performed 3 days subsequent to infection. It was observed
that the results were consistent with the Celigo Image
Cytometer Analysis. US87MG cell proliferation was mark-
edly inhibited by shSYT7 compared with the shCtrl group,
with a relative survival of 33.8% of the control (Fig. 5). To
examine the mechanism underlying cell growth inhibition, a
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Figure 4. Effect of SYT7 on cell proliferation, as assayed by Celigo Image Cytometer analysis. US7MG cells were infected with the shSYT7 lentivirus or shCtrl
lentivirus and seeded in 96-well plates. The cells were counted for 5 days. US7MG cell growth was inhibited by shSYT7 compared with the shCtrl group.

Magnification, x100. sh, short hairpin; SYT7, synaptotagmin-7; Ctrl, control.
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Figure 5. Effect of SYT7 on cell proliferation, as determined by MTT assay.
U87MG cells were infected with the shSYT7 lentivirus or shCtrl lentivirus.
A total of 3 days following infection, cells were seeded in 96-well plates and
assayed each day for 5 days. US7MG cell growth was inhibited by shSYT7
compared with the shCtrl group. sh, short hairpin; SYT7, synaptotagmin-7;
Ctrl, control; OD, optical density.
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Figure 6. Effect of SYT7 on caspase-3/7 activity. U§7MG cells were infected
with the shSYT?7 lentivirus or shCtrl lentivirus. A total of 3 days following
infection, the activity of caspase-3/7 was significantly increased in the
shSYT7 group compared with the shCtrl group. “P<0.01. sh, short hairpin;
SYT7, synaptotagmin-7; Ctrl, control.

caspase-3/7 assay and an apoptosis assay using flow cytom-
etry were performed. It was observed that the activity of
caspase-3/7 was significantly increased in the shSYT7 group
compared with the shCtrl group (Fig. 6). The results of the
flow cytometry analysis indicated that U87MG cellular
apoptosis was significantly increased in the shSYT7 group
compared with the shCtrl group (Fig. 7). Therefore, the
results of the present study demonstrated that the downregu-
lation of SYT7 suppressed cell proliferation by promoting
cellular apoptosis.
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Figure 7. Effect of SYT7 on apoptosis, as demonstrated by flow cytometry. US7MG cells were infected with the shSYT7 lentivirus or shCtrl lentivirus. US7MG
cellular apoptosis was significantly increased in the shSYT7 group compared with the shCtrl group. “P<0.01. sh, short hairpin; SYT7, synaptotagmin-7,

Ctrl, control.

Discussion

In the present study, it was demonstrated that the downregu-
lation of SYT7 inhibited glioblastoma growth by promoting
cellular apoptosis. The expression levels of SYT7 were
examined in three glioma cell lines (A172, U251 and U87),
and it was observed that SYT7 was expressed in all the cell
lines; however, only the mRNA levels were assayed, and the
expression of SYT7 in glioblastoma multiforme or high-grade
glioma tumor samples requires further study. Western blotting
or an immunohistochemistry assay may be used to deter-
mine the SYT7 expression. In the present study, the target
knockdown efficiency in 293T cells was determined using
western blotting. The SYT7 protein level was downregulated
by shSYT7, and shSYT7 worked efficiently in US7MG cells.
An MTT assay and Celigo Image Cytometer Analysis were
performed for the examination of cell proliferation, and it
was observed that US7MG cell proliferation was significantly
inhibited by shSYT7. In addition, a caspase-3/7 assay and an
apoptosis assay by flow cytometry were performed to examine
the mechanism of cell growth inhibition. It was observed that
the activity of caspase-3/7 and U87MG cellular apoptosis was
significantly increased in shSYT7 group. However, it is impor-
tant to note that these conclusions are taken from a single cell
line and only the potential role of SYT7 in cellular apoptosis
was assessed; further in vitro assays are required to determine
the biological role of SYT7 in mitochondrial function, for
example.

Glioma is the most common type of human cerebral
tumor, with a highly malignant character and poor prog-
nosis (19). The primary treatment for glioblastoma is surgery
combined with postoperative radiotherapy, chemotherapy and
immunotherapy. As progress in the biological research and
treatment of glioblastoma has been made, increasing numbers
of gene therapies have been trialed in glioblastoma, including
anti-angiogenesis (20), hypoxic tumor-targeting therapy (21)
and RNA interference treatment (22), which have achieved
promising results.

SYT is a protein sensor of calcium signaling (5-8); it is
able to interact with SNARE to regulate the fusion of vesicle

membranes and the plasma membrane, serving important
roles in cellular secretion (12). The expression of SYT7 is
associated with prostate cancer and serves an important
role in prostate cancer development (15). However, the SYT
family has numerous members which are widely distributed
and exhibit complex functions (23). SYT 7 is considered to be
the main Ca** sensor of synaptic vesicles (13,24). Lysosomes
are an essential component of plasma membrane repair. The
exocytosis of lysosomes is induced by Ca** and depends on
the function of SYT7 (14). The possible mechanism of action
of SYT7 in glioma involves the downregulation of SYT7
which leads to the inhibition of lysosome-dependent plasma
membrane repair, thereby inducing apoptosis and inhibiting
cell proliferation. However, the molecular mechanism
requires further clarification. The intracellular localization
of other subtypes of SYT remains to be elucidated, and
their physiological function and interactions with other
proteins remain unclear. Further research is required into
the physiological function and molecular mechanisms of
SYT proteins.

In conclusion, the present study demonstrated that the
downregulation of SYT7 inhibited glioblastoma growth by
promoting cellular apoptosis. SYT7 may be considered to
be a novel therapeutic target for glioblastoma. However, the
mechanism underlying the effects of SYT7 in glioblastoma
remains to be elucidated, and more in-depth research is
required.
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