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Brain-derived neurotrophic factor propeptide inhibits
proliferation and induces apoptosis in C6 glioma cells
Bangkun Yang®®, Jun Qin®, Ying Nie®, Yong Li® and Qianxue Chen®

There are several forms of brain-derived neurotrophic factor
(BDNF), the precursor of BDNF, mature BDNF, and BDNF
propeptide. They exert different effects through different
transmembrane receptor signaling systems. Precursor of
BDNF is enzymatically cleaved, either by intracellular or by
extracellular proteases, to generate mature BDNF and its
propeptide (BDNF propeptide). The aim of this study was to
evaluate the potential molecular mechanisms that underlie
the inhibition of glioma cell growth by the BDNF propeptide.
To achieve this, we examined the expression of BDNF
propeptide in C6 glioma cells. The 3-(4,5-dimethylthiazol-
2-Y1)-2,5-diphenyltetrazolium bromide assay and the
apoptosis assay were used to assess the effects of the
BDNF propeptide on the growth and apoptosis of glioma
cells. We found that the BDNF propeptide promoted C6
glioma cell apoptosis and decreased in-vitro cell growth. We
also found using western blot that cleaved caspase3 and B
cell ymphoma 2 (Bcl2)-associated X protein abundances

Introduction

Gliomas are tumors derived from neuroepithelial tissue
that typically arise in the brain or the spine. High-grade
malignant glioma is the most common form of primary
glioma in adults, with a median survival of 9-12 months
after diagnosis. Treatment failure can arise because of
invasive growth of glioma cells around normal brain
tissue [1,2]. This can make such tumors difficult to
remove completely by surgery [2]. It is therefore essential
to further understand the biological characteristics of
glioma cells.

Brain-derived neurotrophic factor (BDNF) is considered
an oncogenic factor and is involved in tumorigenesis,
tumor proliferation, and tumor survival. It is also asso-
ciated with a poor prognosis in central nervous system
(CNS) tumors [3-5]. BDNF is synthesized as proBDNF,
and endoproteolytically processed into mature brain-
derived neurotrophic factor (mBDNF) and BDNF pro-
peptide [6]. There is increasing evidence to suggest that
the counterbalance in the ratios of mBDNF and
proBDNF may regulate glioma cell growth [7]. However,
the functions of BDNF propeptide in glioma cells are
currently unknown. The aim of our study was to
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increased, whereas Bcl2 abundance decreased. Our data
suggest that the BDNF propeptide may have an inhibitory
effect on glioma through activation of the caspase3
pathway. NeuroReport 28:726-730 Copyright © 2017 The
Author(s). Published by Wolters Kluwer Health, Inc.

NeuroReport 2017, 28:726-730

Keywords: brain-derived neurotrophic factor propeptide, cell death,
cell survival, glioma cell

#Department of Neurosurgery, Renmin Hospital of Wuhan University, Wuhan,
PDepartment of Neurosurgery, “Department of Children’s Medical Center and
dDepartment of Orthopedics, Taihe Hospital, Hubei University of Medicine, Shiyan,
People’s Republic of China

Correspondence to Qianxue Chen, MD, Department of Neurosurgery, Renmin
Hospital of Wuhan University, No. 99 Zhangzhidong Road, Wuchang District,
Wuhan 430060, Hubei Province, People's Republic of China

Tel: +86 27 880 41911/82237; fax: + 86 27 880 41911/82239;

e-mail: 2014103020038@whu.edu.cn

Received 1 April 2017 accepted 22 May 2017

investigate whether the BDNF propeptide promotes C6
glioma cell apoptosis and decreased cell growth 7z vitro.

Materials and methods

C6 glioma cells culture

C6 glioma cells were grown in low-glucose Dulbecco’s
modified Eagle’s medium (DMEM; Gibco, Gaithersburg,
Maryland, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco), 1% glutamate, and 1% penicillin/
streptomycin at 37°C in a humidified atmosphere of 5%
CO; and 95% air.

DNA construct and purification of the BDNF propeptide
A DNA sequence that encodes for the human BDNF
propeptide up to the furin cleavage site was inserted
between the Ndel and Spel sites of a pTXB1 vector
(New England Biolab, Ipswich, Massachusetts, USA).
Recombinant BDNF propeptide was expressed in BLL21
Escherichia coli and purified using an IMPACT (Intein
Mediated Purification with an Affinity Chitin-binding
Tag) kit according to the manufacturer’s protocol (cat.
#E6901S; New England Biolab). The IMPACT system
utilizes the inducible self-cleavage activity of protein
splicing elements (termed inteins) to separate the target
protein from the affinity tag. An extra histidine residue at
the C-terminus was included to enhance cleavage of the
intein affinity tag from the BDNF propeptide.
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Cell viability assay

Cell viability was assessed using an 3-(4,5-dimethylthia-
z0l-2-Y1)-2,5-diphenyltetrazolium bromide (M'T'T) assay
(Sigma; St. Louis, Missouri, USA). Briefly, cells were
plated in 96-well plates and treated with recombinant
BDNF propeptide protein at various concentrations for
24 or 48h (1, 5, 10, and 50 ng/ml) in serum-free media.
Untreated cells served as a control. M'T'T assays were
performed at both 24 and 48 h time-points. T'o minimize
any variation among different assays, data were plotted
using the optical density of the control wells set to 100%
survival. Experiments were conducted in triplicate and
repeated at least three times.

Cell apoptosis assay

C6 glioma cells were plated (15000/well) in 96-well
plates and cultured until 60-70% confluent. On the day
of the experiment, cells were treated and prepared as
described previously in serum-free DMEM. After the
addition of the BDNF propeptide and a period of 24 h,
Co6 cells were fixed using 4% paraformaldehyde for
20min and then stained with 6-diamidino-2-pheny-
lindole (DAPI), which is a kind of specific dye for
binding DNA. This dye does not have complete per-
meability. Once it overpasses cell membranes of normal
cells, the blue fluorescence will be observed by fluor-
escent microscopy. With the process of apoptosis, the
ability of permeability for dye is improved and the
apoptotic cells will produce high blue fluorescence. At
the same time, for normal cells, the round nucleus is
stained uniformly and its margin is clear. However, for
apoptotic cells, the margin of the nucleus is irregular and
the condensed chromosome is easily stained. Cell images
were collected for each sample (< five fields/well) using a
fluorescence microscope (Leica; Wetzlar, Hesse,
Germany). The total number of nuclei was counted, in
addition to those nuclei that showed apoptosis. The ratio
of apoptotic nuclei to the total number of nuclei was then
calculated. To minimize any variation among different
assays, data were corrected against the control.

Western blot

For the antibody blocking, cells were pretreated with the
antibody (4 pg/ml) for 30 min, followed by treatment with
the BDNF propeptide for 24 h. The C6 cells were har-
vested with lysis buffer, vortexed, and centrifuged at 4°C
at 13000 rpm for 20 min. Proteins were separated on a
7.5-15% SDS-PAGE gel and transferred to a nitrocellu-
lose membrane. The membrane was blocked with 5%
milk in Tris-buffered saline for 1 h and then incubated
with the primary antibodies against human proBDNF
(1:2000, cat. #H10001; GeneCopoeia Inc., Rockville,
Maryland, USA), cleaved caspase3 (1:1000, cat. #9664;
Cell Signaling Technology; Danvers, Massachusetts,
USA), B cell lymphoma 2-associated X protein (Bax)
(1:1000, cat. #2772; Cell Signaling T'echnology), B cell
lymphoma 2 (Bcl2) (1:1000, cat. #sc-7382; Santa Cruz
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Biotechnology; Dallas, Texas, USA), and f-actin
(1:5000, cat. #A2228; Sigma-Aldrich, St Louis, Missouri,
USA). After washing, the membrane was incubated with
horseradish peroxidase-conjugated secondary antibody.
Protein bands were identified using ECL.. ECL-exposed
films were digitized and densitometric quantification of
immunoreactive bands was performed.

Statistical analysis

All quantitative data are expressed as mean=+SD.
Statistical analysis was carried out using one-way analysis
of variance, followed by a two-tailed independent-
samples rtest. Statistical analyses were carried out
using SPSS 20 (SPSS Inc., Chicago, Illinois, USA), with a
P value of less than 0.05 considered statistically
significant.

Results

Expression of mBDNF and BDNF propeptide in C6 cells
Figure 1 A shows a schematic representation of the
BDNF precursor, BDNF, and propeptide. The BDNF
propeptide and BDNF (mature BDNF) are generated by
enzymatic cleavage of proBDNF. Western blot showed
the expression of BDNF propeptide in C6 cells (Fig. 1b).
We also found that the BDNF propeptide was expressed
in rat brain and spinal cord tissue. This indicated that the
BDNF propeptide might play a physiological role.

The BDNF propeptide inhibits C6 glioma cell growth
Initially, we investigated whether the BDNF propeptide
inhibited the growth of glioma cells. As shown in Fig. 2a,
MTT assays indicated that treatment with exogenous
BDNF propeptide for 24 h significantly decreased cell
proliferation at doses of 10 and 50 ng/ml. 90 and 77.6%
cells survived, respectively, after 10 and 50 ng/ml treat-
ment of the BDNF propeptide. Therefore, BDNF pro-
peptide inhibited cell proliferation in a dose-dependent
manner. When cells were incubated with the BDNF
propeptide for 48 h, BDNF propeptide levels as low as
5ng/ml also suppressed C6 glioma cell growth . The
survival rate for the cells that were treated for 48 h with 5,
10, and 50 ng/ml of the BDNF propeptide was 94, 82,
and 77.3%, respectively.

BDNF propeptide promotes apoptosis of C6 glioma cells
in vitro

The number of apoptotic cells was determined by mor-
phologic observation using fluorescence microscopy fol-
lowing DAPI staining. DAPI staining is not a rigorous
way to detect apoptosis, but it does indicate morpholo-
gical change and may or may not be an indicator of cell
death. Following the addition of recombinant BDNF
propeptide (10 and 50 ng/ml) to the cultured C6 cells,
apoptotic cells were significantly increased at 50 ng/ml at
both the 24 and 48 h time-points. with death rates of 26
and 36%, respectively (Fig. 2b and c¢). Furthermore, we
observed a significant increase in apoptosis with 10 ng/ml
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The expression of the BDNF propeptide in C6 glioma cells. Schematic representation of the BDNF precursor, BDNF, and propeptide. The BDNF
propeptide and BDNF (mature BDNF) are indicated (a). Western blot analysis was used to examine the BDNF propeptide in cultured C6 glioma cells
and mice brain and spinal cord tissue (b). BDNF, brain-derived neurotrophic factor.
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Growth curve and apoptosis of C6 cells following treatment with a recombinant BDNF propeptide. Cells were incubated in serum-free medium,
supplemented with the indicated concentrations of recombinant BDNF propeptide (1, 5, 10, and 50 ng/ml) in 96-well plates. Quantitative analysis of
apoptosis of C6 cells following treatment with a recombinant BDNF propeptide at various concentrations (10 and 50 ng/ml). (a) MTT assays were
performed after 24 and 48 h for each treatment. (b) Apoptosis assays were performed after 24 and 48 h for each treatment. (c) Morphology changes
after treatment for 48 h with different concentrations of the BDNF propeptide. The white arrow shows apoptotic cells. Data are presented as the

mean+ SE.*P<0.05,**P<0.01 compared with the control group. BDNF, brain-derived neurotrophic factor; MTT, 3-(4,5-dimethylthiazol-2-YI)-
2,5-diphenyltetrazolium bromide.

of the recombinant BDNF propeptide in serum-free pathway activation [8-10]. Therefore, the protein levels
medium at the 48 h time-point with a death rate of 14% of Bcl2 and Bax were investigated in the cell lines. These
(Fig. 2b). results indicated that protein abundance of the anti-

apoptotic protein Bcl2 was decreased in recombinant
The BDNF propeptide promotes apoptosis through the BDNF propeptide-treated cells, whereas the abundance
caspase pathway of the proapoptotic protein Bax was increased (Fig. 3a).
Imbalances between prosurvival proteins (i.e. Bcl2) and ~ When cells were treated with the BDNF propeptide
proapoptotic proteins (i.e. Bax) can lead to apoptotic antibody plus the BDNF propeptide, the protein levels
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The expression levels of cleaved caspase3, Bcl2, and Bax in the C6 cells upon BDNF propeptide treatment. Caspase3, Bcl2, and Bax protein were
examined using western blot analysis; BDNF propeptide treatment increases caspase3 and Bax protein. Bcl2 protein was decreased upon BDNF
propeptide treatment for 24 h. The BDNF propeptide antibody (4 ug/ml) was added to sequester the BDNF propeptide. The expression of caspase3,
Bax, and Bcl2 was reversed by the BDNF propeptide antibody plus the BDNF propeptide (lane 3) and antibody treatment only (lane4) (a). The
quantitative analysis of gray intensity was carried out. Data are presented as the mean+ SE.*P < 0.05,**P < 0.01 compared with the control group (b).
Bcl, B cell ymphoma 2; Bax, B cell ymphoma 2-associated X protein; BDNF, brain-derived neurotrophic factor.

were reversed. The BDNF propeptide antibody alone
exerts no effect on Bax, Bcl2, and caspase3 expression.
The quantitative values of band intensity for cleaved
caspase3, Bcl2, and Bax between the BDNF propeptide-
treated and untreated cells were determined to be
1.96+0.28 versus 1; 0.58+0.07 versus 1 and 1.87+0.25
versus 1, respectively (P<0.01; Fig. 3b summary data).
These results suggested that the upregulation of Bax and
the downregulation of Bcl2 may be responsible for acti-
vation of the apoptotic pathway.

Discussion

Like other neuropeptides, BDNF (synthesized as
proBDNF) is proteolytically converted into an active
form (mBDNF) and a propeptide (BDNF propeptide)
[11]. It has been reported that both mBDNF and the
BDNF propeptide are present at roughly equimolar
ratios in the hippocampus, and both are 10-fold more
abundant than proBDNF [12]. The functions of mBDNF
and proBDNF on different neuronal processes are well
studied, although the presence and possible functions of
BDNF propeptide in the brain have been reported only
recently. These include studies showing the presence of
the BDNF propeptide in rodent brains and membrane
depolarization induced by BDNF propeptide secretion in
dissociated neuronal cultures. In addition, the BDNF
propeptide has been shown to induce acute growth cone
retraction and facilitate long-term depression [8-10]. Our
study shows a novel biological role for the BDNF pro-
peptide beyond that of aiding the folding of BDNF. In

the present study, we found that both mBDNF and the
BDNF propeptide are expressed by glioma cells. Using a
C6 glioma cell model, we have also found that exogenous
recombinant BDNF propeptide can inhibit cell growth
and promote apoptosis in a dose-dependent manner.
This indicates that endogenous BDNF propeptide can
inhibit glioma cell proliferation and survival.

Previous studies have shown that Bax and Bcl2 proteins
are involved in the apoptosis pathway. Apoptosis is
mediated through a caspase cascade [13] and the ability
of cells to undergo apoptosis is determined by interac-
tions between prosurvival proteins (i.e. Bcl2) and proa-
poptotic proteins (i.e. Bax) [14]. Several studies have also
shown that BclZ overexpression is associated with resis-
tance to conventional radiation and chemotherapeutic
agents in many tumor cell types, including malignant
glioma cells [15,16]. This resistance is because of Bcl2
binding to Bax, thereby inhibiting Bax activation [17]. In
the present study, we found that BDNF propeptide
reduced Bcl2 protein abundance and increased Bax pro-
tein abundance. Our study shows the critical role of the
caspase3 pathway in BDNF propeptide-induced apop-
tosis. These findings are supported by the fact that the
BDNF propeptide induced an increase in cleaved cas-
pase3 protein abundance.

Conclusion
We have uncovered a novel biological effect on cultured
glioma cells of the BDNF propeptide. Our study
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suggests that the BDNF propeptide may exert an inhi-
bitory effect on glioma through activation of the caspase3
pathway.
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