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Abstract Objective Voltage-gated sodium channels (VGSCs) are expressed in glioma U251 cells and affect the proliferation,

invasion and apoptosis of U251 cells. It is reasonable to hypothesize that the cysteine-rich buccal gland protein (CRBGP), a VGSCs

blocker isolated from the buccal glands of Lampetra japonica, may suppress the activity of U251 cells. Methods Firstly, the

proliferation of U251 cells in the presence of CRBGP was detected by MTT assay. And the morphology, cytoskeleton and nucleus of

U251 cells after treated with CRBGP were observed by Wright-Giemsa, FITC-phalloidin and Hoechst 33258 staining assays,

respectively. Subsequently, extracellular matrix proteins such as collagen IV, fibronectin and laminin were used to detect the effect of

CRBGP on U251 cells’ adhesion. In addition, the migration and invasion of U251 cells treated with CRBGP were detected by

transwell assays. And the internal mechanisms of CRBGP on U251 cells’ apoptosis and mobility were explored by Western blot.

Finally, the anti-inflammatory effect of CRBGP on U251 cells was detected by enzyme linked immunosorbent assay. Results CRBGP

inhibited the proliferation of U251 cells by inducing apoptosis in a mitochondrial-dependent pathway and preventing the release of

proinflammatory factor interleukin-6. Also, the VGSCs blocking and anti-inflammatory activities of CRBGP contributed to its

inhibitory effects on the adhesion, migration and invasion of U251 cells. Finally, CRBGP affected the proliferation and mobility of

U251 cells through the suppression of the FAK-AKT pathway. Conclusion Together, our data indicated that CRBGP could exhibit

its anti-tumor activity probably by its VGSCs inhibitory property, providing a basis for the functional information of VGSCs to the

gliomas.
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Human gliomas represent a group of tumors that

are derived from the glial cells in the brain[1].

According to the different clinical features, gliomas

were classified into four grades by the World Health

Organization (WHO), including the low-grade

gliomas I and II, as well as the high-grade gliomas III

and IV[2]. Due to the relatively high infiltration, lots of

patients with gliomas would suffer the metastatic

tumors even after treatment with surgical resection,

radiotherapy and chemotherapy[3-5]. Thus, it is not

surprising that the morbidity, recurrence and mortality

of gliomas are usually very high[6]. Recently, the

incidence and mortality of gliomas increased

worldwide especially in developing countries[7]. Most

importantly, the lifetime for high-grade glioma (IV)

patients is usually no more than 14 months[1].

Although great progress was made on gene mutations

that are responsible for the development of gliomas,

the ambiguous mechanisms which lead to the
formation of gliomas and their relatively high
mortality still drive us to find more effective
molecules and therapies to eliminate the pain and
despair that originated from this malignant brain
tumor[8].

U251 cells are classic astrocytomas that were
reported to express a variety of ion channels including
voltage-gated sodium channels (VGSCs), chloride
voltage-gated channel 3, transient receptor potential
channels, and Ca2+-activated K+ channel KCa3.1[9-12].
And these channels were observed to promote the
abilities of U251 cells on migration and invasion[9-12].
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Thus, suppression of the activity of these channels
might inhibit the high infiltration property of U251
cells. In our previous studies, a VGSCs inhibitor
named cysteine-rich buccal gland protein (CRBGP)
was reported to block the activity of endothelial cells
(human umbilical vein endothelial cells, HUVECs)
and cervical cancer cells (HeLa cells) as these two
cell lines are also reported to express VGSCs[13-18].
However, the detailed mechanisms need further study.
Whether CRBGP could act on other tumor cell lines,
e. g. astrocytoma U251 cells with higher infiltrative
characterizations? In the present study, the
suppressive roles of CRBGP on U251 cells were
detected and the signaling pathway was dissected.

1 Materials and methods

1.1 Chemicals
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-

lium bromide (MTT), dimethyl sulfoxide (DMSO),
phosphate buffered saline (PBS), BeyoECL plus
detection kit and other reagents were purchased from
Solarbio (China). Bicinchoninic acid (BCA) assay kit
and Hoechst 33258 were bought from Beyotime
(China). Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum (FBS), 0.25% trypsin-
EDTA were purchased from Gibco (USA). Penicillin
and streptomycin were purchased from Hyclone
(USA). FITC-labeled phalloidin was purchased from
Enzo Life Sciences (USA). Human collagen IV,
fibronectin, and laminin were purchased from Sigma
(USA). The polyvinylidene difluoride (PVDF)
membranes were from Millipore (USA). Antibodies
against B cell lymphoma 2 (BCL2), BCL2-associated
X (BAX), Caspase 3, phosphorylated focal adhesion
kinase (p-FAK), protein kinase B (PKB/AKT),
phosphorylated PKB/AKT (p-PKB/p-AKT) and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
were purchased from Proteintech (China). Human
IL-6 ELISA kit was purchased from Westang (China).
1.2 Purification of CRBGP and culture of glioma
U251 cells

According to Xiao’s report[19], the separation of
CRBGP from lamphredin which was extracted from
the buccal glands of Lampetra japonica (L. japonica)
was performed by a sephadex G-75 column. The
elution buffer which contained the purified CRBGP
was firstly collected, dialysed with NH4HCO3, and
finally lyophilized with a vacuum freeze dryer

(Christ). After determination of the concentration with
BCA assay kit, the purified protein was loaded on
sodium dodecyl sulate-polyacrylamide gel
electrophoresis (SDS-PAGE). Human glioma cell line
U251 cells were obtained from Dr. QIANG Min at
ShanghaiTech University. The U251 cells were grown
in DMEM containing 10% FBS and 1% penicillin/
streptomycin at 37℃ in a CO2 incubator (Thermo
Scientific).
1.3 Determination of cell proliferation

The proliferation of U251 cells was determined
by MTT assay. Briefly, U251 cells were harvested
with 0.25% trypsin-EDTA and then seeded (1×103

cells/well) in a 96-well plate. After growing at 37℃
for 24 h, the U251 cells were washed with PBS and
then incubated with FBS-free DMEM which
contained PBS and CRBGP from 3 to 25 μmol/L (3,
5, 7, 7.5, 9.8, 13, 20 and 25 μmol/L), respectively.
24 h later, MTT with a final concentration of 5 g/L
(10 μl) was added directly to each well for an
additional incubation at 37℃ for 4 h. Subsequently,
the above medium was carefully removed from the
96-well plate and DMSO (100 μl/well) was added to
dissolve the formazan crystals formed in the live
U251 cells. In order to dissolve the formazan crystals
completely, the 96-well plate was agitated on a shaker
at 100 r/min for 10 min. Finally, the absorbance of
each well in the 96-well plate was measured at
492 nm with a microplate reader (Thermo Scientific).
The U251 cells in the PBS group were set as a control
group and their absorbance at 492 nm was set as
100%. The U251 cells’ proliferation in the CRBGP
(from 3 to 25 μmol/L) treated groups was calculated
as described in our previous study[14].
1.4 Morphologic observation

Firstly, U251 cells were seeded on the glass
slides in 24-well plates for 24 h in the CO2 incubator.
Then, U251 cells were treated with PBS and CRBGP
(6.5 and 13 μmol/L) for an additional incubation of
24 h, respectively. Next, the U251 cells on the glass
slides in 24-well plates were fixed with 4%
paraformaldehyde (PFA) at room temperature (RT)
for 5 min. For Wright-Giemsa assay, the fixed U251
cells were incubated with a 200 μl staining agent for
15 min, washed with the sterilized water twice, and
then captured with an inverted microscope (Nikon).
For cytoskeleton and nucleus detection, the fixed
U251 cells were firstly labeled with FITC-phalloidin
(5 mg/L) for 30 min, and then labeled with Hoechst
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33258 (1 mg/L) for 10 min in the dark room to
prevent fluorescence from quenching. After washing
the slides with PBS three times, the U251 cells treated
with PBS and CRBGP (6.5 and 13 μmol/L) were
visualized using laser scanning confocal microscopy
(Carl Zeiss, 630×).
1.5 Western blot

The U251 cells cultured in a 6-well plate were
treated with PBS and CRBGP (6.5 and 13 μmol/L) for
24 h in the CO2 incubator. Subsequently, the PBS and
CRBGP pretreated U251 cells were washed with PBS
twice and then collected with lysis buffer which
contains 50 mmol/L Tris-HCl (pH 7.4), 150 mmol/L
NaCl, 1% Nonidet P-40, 0.5% sodium deoxycholate,
and 0.1% SDS in the presence of 1%
phenylmethanesulfonyl fluoride (PMSF) as protease
inhibitor on ice for 10 min. The U251 cells’ lysates
were separated on 12% SDS-PAGE, transferred onto
the PVDF membranes and then blocked with 5%
defatted milk which was dissolved in Tris buffered
saline tween (TBST) buffer (20 mmol/L Tris-HCl,
pH 8.0, 150 mmol/L NaCl and 0.05% Tween-20) at
37℃ for 1 h. Next, the membranes were respectively
incubated with primary antibodies including BAX,
BCL2, Caspase 3, p-FAK, AKT, p-AKT and GAPDH
at the ratio of 1∶500 overnight at 4℃. After washing
with TBST buffer three times, the membranes were
incubated with secondary antibodies (1∶5 000) at RT
for 2 h. Finally, the membranes were washed with
TBST buffer and then visualized on the FluorChem Q
(Protein Simple) using BeyoECL plus detection kit.
GAPDH was employed as a positive control. The
level of the above proteins was analyzed by the
FluorChem Q software, and calculated with the
formula reported in our previous study[14].
1.6 Analysis of U251 cells’ adhesion, migration
and invasion

In order to detect the effect of CRBGP on the
adhesive ability of U251 cells, the extracellular matrix
(ECM) proteins, such as collagen IV, fibronectin and
laminin, were respectively added in a 96-well plate at
4℃ overnight. After removing the residual ECM
proteins, the PBS and CRBGP (6.5 and 13 μmol/L)
pretreated U251 cells were respectively put into the
above 96-well plate and incubated in the CO2

incubator for 4 h. Subsequently, the non-adhesive
U251 cells were washed with PBS twice, and the
number of the adhesive U251 cells was measured by
the MTT assay. In order to assay whether CRBGP

could affect the migratory and invasive abilities of the
U251 cells, the PBS and CRBGP (6.5 and 13 μmol/L)
pretreated U251 cells were cultured in DMEM in the
absence of FBS and placed on the upper chambers of
the transwell. Meanwhile, the chambers below the
polycarbonate filter were full of DMEM
supplemented with basic fibroblast growth factor
(bFGF, 3 µg/L) and FBS (15%). After 20 h (migration
assay) and 32 h (invasion assay), the non-migrated
and non-invaded U251 cells were respectively
removed from the polycarbonate filter using a cotton
swab. And the migrated and invaded U251 cells on
the polycarbonate filter were fixed with 4% PFA for
5 min, stained with Wright-Giemsa solution for
15 min and photographed by the inverted microscope
(Nikon). In the present study, three parallel samples in
each group including the PBS and CRBGP-treated
U251 cells were performed, and three fields in each
sample were randomly selected to count the number
of the U251 cells, and calculate their average number
in each group. Besides, the upper chambers of
transwell in the invasion assay were precoated with
the matrigel at 37℃ for 20 min. The migratory and
invasive abilities of U251 cells in the presence of
CRBGP were analyzed by the method reported in our
previous study[14].
1.7 Detection of proinflammatory factor
interleukin-6 (IL-6)

The U251 cells cultured in a 96-well plate were
respectively treated with PBS and lipopolysaccharide
(LPS) with a final concentration of 430 mg/L in the
CO2 incubator. After 5 h, PBS and CRBGP (6.5 and
13 μmol/L) were also added into the 96-well plate
respectively. When the treatment reached 24 h, the
supernatant of U251 cells was, respectively, collected
into tubes for enzyme-linked immunosorbent assay
(ELISA). The supernatant was respectively added into
the wells which were pre-coated with mouse anti-
human IL-6 antibody at 37℃ for 2 h, followed by
washing with PBS with Tween 20 (PBST) buffer five
times. Subsequently, a biotinylated anti-human IL-6
antibody was added into each well at 37℃ for 40 min.
After washing with PBST buffer five times,
horseradish peroxidase-labeled with streptavidin was
added into the above wells and incubated at 37°C for
30 min, and then the plate was also washed with
PBST buffer. Finally, the wells were incubated with 3,
3', 5, 5'-tetramethylbenzidine (TMB) solution at 37℃
for 15 min and detected at 450 nm with the microplate
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reader. Furthermore, the absorbance at 450 nm of
standard IL-6 at a series of concentrations was also
detected with the microplate reader following the
manufacturer’s instructions.
1.8 Statistical analysis

All data were reported in the form of means ±
standard deviation (SD), and the experiments were
carried out at least three times. The Student’s t-tests
were performed to compare the values of the PBS and
CRBGP (6.5 and 13 μmol/L) treated groups (*P <
0.05; **P < 0.01 and ***P < 0.001).

2 Results

2.1 The proliferation of glioma U251 cells was
inhibited by CRBGP

The VGSCs inhibitor CRBGP was obtained with
relatively higher purity according to our previous
report (data not shown) [19]. In addition to endothelial
cells HUVECs and cervical cancer HeLa cells, glioma
U251 cells were also reported to express high levels
of VGSCs[9]. As the VGSCs inhibitor CRBGP could
effectively suppress the proliferation of both
HUVECs and HeLa cells, the role of CRBGP on the
proliferation of glioma U251 cells was examined in
this study. U251 cells were treated with PBS and
CRBGP ranging from 3 to 25 μmol/L (3, 5, 7, 7.5, 9.8,
13, 20 and 25 μmol/L) for 24 h, respectively. As
shown in Figure 1, CRBGP significantly inhibited the
proliferation of glioma U251 cells in a concentration-

dependent manner, compared with the PBS (control)
group. And the half-maximal inhibitory concentration
(IC50) of CRBGP on U251 cells’ proliferation was
8.3 μmol/L, which was a little higher than that on
HeLa cells (6.7 μmol/L) and HUVECs (4 μmol/L)[14, 16].
Based on our MTT assay, 6.5 and 13 μmol/L of
CRBGP inhibited the proliferation rate of U251 cells
by 30% (less than 50% of the proliferation rate) and
80% (higher than 50%), respectively. Therefore, we
chose these two concentrations of CRBGP to treat the
U251 cells for the following study.
2.2 The morphology of glioma U251 cells was
altered by CRBGP

In addition to the inhibitory effect of CRBGP on
the proliferation of U251 cells, CRBGP was also
found to alter the morphology of U251 cells.
According to Wright-Giemsa assay, not only the
number of U251 cells was reduced in the CRBGP-
treated groups, but also their size became smaller
when compared with the PBS group (Figure 2). In
addition, CRBGP reduced the junctions between
U251 cells. After treating with CRBGP, the ecptomas
of U251 cells gradually vanished and the shape of
U251 cells changed, from spindle to round (Figure 2,
3). Furthermore, more vacuole bodies were observed
in CRBGP-treated U251 cells (Figure 3). As
cytoskeleton was reported to cause the change of cell
shape, F-actin which is the main component of
cytoskeleton was labeled with FITC-phalloidin. As
shown in Figure 3, F-actin (green signals) in the
control U251 cells localized at the cytoskeleton
around the cell membrane; the green signals gradually
disappeared in the CRBGP-treated U251 cells.
Compared with the controls, 6.5 and 13 μmol/L
CRBGP reduced the relative fluorescent intensity of
phalloidin labeled with FITC to (48.4±14.4)% (P <
0.01) and (36.7±6.5)% (P < 0.001) respectively,
which displayed the organization of F-actin. Besides
the cytoskeleton, the nuclei of the U251 cells in the
CRBGP groups also became smaller when compared
with the control group (Figure 3).
2.3 The apoptosis of glioma U251 cells was
induced by CRBGP

Hoechst 33258 staining assay showed the nuclei
of the U251 cells became shrank in the 6.5 and
13 μmol/L CRBGP-treated groups, indicating that
CRBGP might induce apoptosis in U251 cells. In
order to further investigate the intrinsic mechanism of
apoptosis, the content of apoptosis-related proteins
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Fig. 1 CRBGP suppressed the proliferation of glioma
U251 cells

The U251 cells were treated with PBS and various concentrations of

CRBGP (3, 5, 7, 7.5, 9.8, 13, 20 and 25 μmol/L) at 37℃ for 24 h. The

significant differences were marked by asterisks (*P < 0.05; **P <

0.01; ***P < 0.001).
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was analyzed by Western blot. As shown in Figure 4,

CRBGP significantly elevated the BAX level, but

decreased the BCL2 and Caspase 3 levels. Compared

with the PBS group, 6.5 and 13 μmol/L CRBGP

increased BAX level by (1.33±0.25) -fold (P < 0.01)

and (4.29±0.33) -fold (P < 0.001), reduced the BCL2

level to (57.1±3.4)% (P < 0.01) and (16.6±4.6)% (P <

0.001) of the control group, as well as increased the

ratio of BAX/BCL2 by (3±0.27) -fold (P < 0.01) and

(31±2.1) -fold (P < 0.001), respectively (Figure 4).

And 13 μmol/L CRBGP reduced the Caspase 3 level

by (32±7)% (P < 0.05) while 6.5 μmol/L CRBGP

seemed to have the opposite effect (Figure 4). Thus,

CRBGP induced apoptosis in the U251 cells through a

mitochondrial-dependent pathway mediated by BAX/

BCL2 and Caspase 3.

2.4 The abilities of glioma U251 cells on
adhesion, migration and invasion were reduced by
CRBGP through FAK-AKT pathway

Based on the previous studies, glioma cells

possess relatively higher mobility as they could

migrate a distance of their cell diameter in just 5-
10 min[5]. More importantly, VGSCs were reported to

be associated with the mobility of tumor cells[20-22].
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Fig. 3 CRBGP affected the cytoskeleton and nuclei of glioma U251 cells (630× magnification)
After treating with PBS, 6.5 and 13 μmol/L CRBGP, the cytoskeleton and nuclei of U251 cells were labeled with FITC-phalloidin and Hoechst 33258

as mentioned in Materiasl and methods. The histogram showed the relative fluorescent intensity of phalloidin in the U251 cells treated with PBS,

6.5 and 13 μmol/L CRBGP, respectively. The significant differences between the control and CRBGP groups were marked by asterisks (**P < 0.01;

***P < 0.001).
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Fig. 2 CRBGP affected the morphology of glioma U251 cells
The U251 cells pretreated with PBS, 6.5 and 13 μmol/L CRBGP were stained with Wright-Giemsa staining solution and observed by the invert

microscope in brightfield.
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Thus, we analyzed the effects of VGSCs inhibitor

CRBGP on the mobility of glioma U251 cells. As

shown in Figure 5, CRBGP inhibited the U251 cells’

adhesion to the ECM proteins including collagen IV,

fibronectin and laminin. The inhibitory ratios of 6.5

and 13 μmol/L CRBGP on U251 cells’ adhesion to

collagen IV were (13±4)% and (78±2.5)% (P < 0.001),

respectively; the inhibitory ratios of 6.5 and 13 μmol/L

CRBGP on U251 cells’ adhesion to fibronectin were

(10±3)% and (50±3)% (P < 0.001), respectively; the

inhibitory ratios of 6.5 and 13 μmol/L CRBGP on

U251 cells’ adhesion to laminin were (37±2.5)%

(P < 0.001) and (73±1.25)% (P < 0.001), respectively.

In addition, the migration and invasion of the U251

cells were significantly inhibited in the presence of

CRBGP (Figure 6, 7). CRBGP at 6.5 and 13 μmol/L

decreased the migrated percentage of the U251 cells

by (38±1)% (P < 0.001) and (63±1.5)% (P < 0.001),
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After treating with PBS (lane 1), 6.5 (lane 2) and 13 μmol/L CRBGP (lane 3), the level of apoptosis-related proteins including BAX, BCL2, and

Caspase 3 was assayed by Western blots with GAPDH as an internal control. Gray values were obtained from FluorChem Q software and the

histograms were drawn to indicate the change of the above proteins in the U251 cells which have been treated with PBS and CRBGP. The significant

differences between the control and CRBGP groups were marked by asterisks (*P < 0.05; **P < 0.01; ***P < 0.001).
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respectively; while 6.5 and 13 μmol/L CRBGP
decreased the invaded percentage of the U251 cells by
(41±2.5)% (P < 0.05) and (72±2)% (P < 0.01),
respectively. In order to further investigate the
underlying mechanism of the inhibitory effects of
CRBGP on the mobility of glioma U251 cells,
Western blots were used to detect the content of signal
molecules related to the migration and invasion of the
U251 cells. As shown in Figure 8, the level of p-FAK
was decreased in a dose-dependent manner.
Compared with the PBS treating group, 6.5 and
13 μmol/L CRBGP decreased the level of p-FAK by
(49.8±7.5)% (P < 0.05) and (66±5)% (P < 0.01),
respectively. Also, CRBGP treatment could lead to the
decrease of p-AKT level in the U251 cells (Figure 8).
Compared with the PBS group, 6.5 and 13 μmol/L
CRBGP decreased the level of p-AKT by (7±5)% and
(82±3)% (P < 0.001), respectively (Figure 8). These
data indicated that CRBGP inhibited the abilities of
U251 cells on adhesion, migration and invasion by
suppressing the activity of FAK-AKT pathway.
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shown by asterisks (*P < 0.05; **P < 0.01).
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Fig. 8 CRBGP decreased the level of p-FAK and p-AKT in glioma U251 cells
After treating with PBS (lane 1), 6.5 (lane 2) and 13 μmol/L CRBGP (lane 3), the level of p-FAK, as well as p-AKT was analyzed by Western blots

with GAPDH as an internal control. Gray values were obtained from FluorChem Q software and the histograms were drawn to indicate the change of

the above proteins in the U251 cells which have been treated with PBS and CRBGP. The significant differences between the control and CRBGP

groups were marked by asterisks (*P < 0.05; **P < 0.01; ***P < 0.001).
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2.5 CRBGP suppressed the release of
inflammatory factor IL-6 from glioma U251 cells

Accumulating evidence showed that
inflammation would promote the development of
gliomas[23-25]. As CRBGP was reported to possess anti-
inflammatory property in our previous study[26],
whether CRBGP could also inhibit the activity of
U251 cells through its regulation on inflammatory
response? Therefore, the level of inflammatory factor
IL-6 in the supernatant of the U251 cells treated with
CRBGP was examined by ELISA. As shown in
Figure 9, CRBGP was able to inhibit the U251 cells to
release IL-6 in a dose-dependent manner. And the
levels of IL-6 in the 6.5 and 13 μmol/L CRBGP
treating groups was respectively reduced to (30.7±
0.85)% (P < 0.01) and (18.8±2.4)% (P < 0.01) of the
control group (Figure 9). After stimulation with LPS
from Escherichia coli (E. coli), the level of IL-6 in the
supernatant of the U251 cells was increased
dramatically, from (387.7±40) ng/L in the un-
stimulated group to (1 039.3±63) ng/L in the LPS-
stimulated U251 cells (Figure 9). Although LPS was
able to induce the release of IL-6 from the U251 cells,
CRBGP still could effectively suppress the level of

IL-6 in the supernatant of the U251 cells. The
inhibitory ratio of IL-6 release by 6.5 and 13 μmol/L
CRBGP were (73.0±1.69)% (P < 0.01) and (88.2±
0.66)% (P < 0.01), respectively (Figure 9). Thus, the
above results showed the CRBGP was able to inhibit
the activity of U251 cells through its anti-
inflammatory effect.

3 Discussion

In the present study, CRBGP was shown to
suppress the proliferation of glioma U251 cells with
an IC50 of 8.3 μmol/L, which was similar to the effect
of CRBGP on cervical cancer HeLa cells[16]. This
meant that CRBGP which was identified as a VGSCs
blocker might not only act on these two tumor cells,
but also on the other tumor cells as long as the
VGSCs are expressed. Different from HeLa cells,
U251 cells are characterized with high infiltration
ability[4-5]. This might account for the difference of its
IC50 between the HeLa cells and U251 cells. Previous
studies have shown that the subtypes of α subunit of
VGSCs in the primary cultures and biopsies of
cervical cancer are Nav1.2, Nav1.4, Nav1.6, and
Nav1.7[27]. Also, Lopez-Charcas et al. [28-29] further
confirmed that HeLa cells might express a truncated
isoform of Nav1.6; whereas U251 cells were reported
to express the neonatal Nav1.5 (nNav1.5) in the
nucleus, cytoplasm and membrane of the cells[9].
nNav1.5 was proved to promote the proliferation,
migration and invasion, as well as to prevent
apoptosis in U251 cells[9]. In addition, nNav1.5 which
was firstly identified in human brain neuroblastoma
NB-1 cells is an alternative splicing product from the
SCN5A gene which is regarded as an oncogene and
would finally result in the formation and progression
of tumor cells[9, 30-33]. Thus, the different subtypes of α
subunit of VGSCs on HeLa and U251 cells might lead
to the different responses of these two tumor cells
induced by CRBGP.

Combining the confocal microscope observation
and Western blot analysis, the anti-proliferative
property of CRBGP on U251 cells would be attributed
to apoptosis, which is similar to the effect of CRBGP
on cervical cancer HeLa cells[16]. Similarly, CRBGP
also induced apoptosis in U251 cells in a
mitochondrial-dependent manner as the content
change of BAX, BCL2 and Caspase 3 was coincident
with the rules of this way[34-35].
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As we all know, inflammation is closely
associated with the progression and metastasis of the
tumors[36]. To date, a great number of studies have
shown that proinflammatory cytokine IL-6 was
detected in the serum of pancreatic cancer patients,
breast cancer patients, as well as glioma patients
which might be potentially used as a prognostic
marker in the future[37-39]. Furthermore, IL-6 was
reported to promote the occurrence and development
of gliomas in glioma microenvironment[23-25]. It is
shown that CRBGP could significantly reduce the
level of IL-6 in the supernatant of the U251 cells in a
dose-dependent manner (Figure 9), suggesting that
CRBGP might inhibit the giloma development
through its anti-inflammatory property. This is
coincident with our previous study in which
recombinant CRBGP (also called as rLj-NIF) was
shown to possess anti-inflammatory property as it was
able to inhibit the activation, migration and adhesion
of neutrophils[26]. 2016, Zeuner and colleagues[40]

found that LPS originated from E. coli is capable of
activating the MyD88-dependent signaling pathway
through toll-like receptor 4 which locates at the
membrane of the U251 cells to induce inflammatory
responses. After translocation of the NF‑κB subunit
p65, the activity of NF-κB would be increased which
would further promote the expression of its target
genes and the release of IL-6[40]. Subsequently, the
released IL-6 could finally induce the proliferation of
U251 cells[40]. As shown in Figure 9, even if the U251
cells were pre-stimulated with LPS originated from
E. coli, CRBGP still has the ability to inhibit the
release of IL-6. This means that the anti-inflammatory
characterization of CRBGP might be another reason
to suppress the proliferation and mobility of U251
cells.

Although original studies identified VGSCs as
transmembrane proteins which control the membrane
potentials of neurons and muscle cells, recent studies
found VGSCs can promote the metastasis of tumor
cells mainly by their α and β subunits which would
finally affect the adhesion, migration and invasion of
the tumor cells[20]. Actually, nNav1.5 was proved to
promote the migration and invasion process of
astrocytoma U251 cells[9]. This means that CRBGP
has suppressing activity on the mobility of U251 cells
by its inhibitory effect on VGSCs. Furthermore, FAK,
a non-receptor tyrosine kinase, was found to be up-
regulated and activated in gliomas[41]. To date, FAK

was known to affect the grade of gliomas as it could
promote the proliferation, migration and invasion of
the cells[41-43]. According to the previous studies, the
activated FAK can form complex with Src, and the
Tyr 397 of FAK can directly bind to the SH2 domain
of PI3K to activate PI3K. Subsequently, the activated
PI3K would in turn activate AKT which regulates the
cell growth and movement through the TSC2-mTOR-
S6K pathway. Furthermore, PI3K can also participate
in the Rac-JNK pathway to regulate the proliferation,
differentiation and metastasis of tumor cells[44]. In the
present study, CRBGP could reduce the level of p-
FAK and its downstream molecule p-AKT, suggested
that CRBGP might inhibit the mobility of the glioma
U251 cells through the FAK-AKT pathway. In
addition, previous studies showed epidermal growth
factor is up-regulated in a variety of tumor cells and is
able to activate Ras-ERK signaling cascades to
promote the expression of voltage-gated ion channels,
which would promote tumor cell invasion[45-47]. As
CRBGP is a VGSCs blocker and was found to inhibit
the mobility of the U251 cells, CRBGP might also
affect the Ras-ERK signaling cascades. However, it
requires further studies to clarify the question.

Similar to the effects of CRBGP on the HUVECs
and Hela cells, CRBGP could repress the glioma
U251 cells to attach to the same ECM proteins[14, 16].
As both the α and β subunits of VGSCs could
promote the cells to attach to the ECM proteins, the
VGSCs modulating activity of CRBGP might be
responsible for its inhibitory effect on the adhesion of
the glioma U251 cells[21-22].

Previous studies have shown that the
rearrangement of the tumor cells’ cytoskeleton is
closely related to changes of the expression,
localization and even function of ion channels. In
tumor cells, ion channels interact with certain
components of the cytoskeleton directly, which finally
promote the metastasis of tumor cells[48]. Also, the β2
subunit of VGSCs was reported to interact with the
adhesion molecules which would lead to the
reorganization of the cytoskeleton and finally promote
the metastasis of tumor cells. Furthermore, VGSCs
were shown to affect the cytoskeleton by regulating
the content of intracellular Ca2+[49]. Thus, we
speculated that CRBGP might also alter the F-actin
organization in the U251 cells indirectly by affecting
the VGSCs. However, further studies are still required
to clarify this question and more novel drugs that
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target gliomas are still welcomed[50].

4 Conclusion

Taken together, CRBGP has the ability to inhibit
the proliferation and mobility of the glioma U251
cells with the relatively higher infiltrative property
through the FAK-AKT pathway (Figure 10). The anti-

proliferative effect of CRBGP on glioma U251 cells
was mainly due to mitochondrial-dependent apoptosis
and its anti-inflammatory activity. Furthermore,
CRBGP may suppress glioma U251 cells to attach to
ECM proteins, as well as their migration and
infiltration through its VGSCs blocking activity, and
its anti-inflammatory activity (Figure 10).
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摘要 目的 电压门控钠通道（voltage-gated sodium channels，VGSCs）表达于胶质瘤U251细胞，并影响U251细胞的增

殖、侵袭和凋亡。富含半胱氨酸的颊腺蛋白（cysteine-rich buccal gland protein，CRBGP）是一种从日本七鳃鳗颊腺中分离

出来的VGSCs阻断剂。本文旨在探究CRBGP是否因具有VGSCs阻断功能从而能够抑制U251细胞的活性。方法 首先采用

MTT 法检测了 CRBGP 对 U251 细胞增殖的作用，并分别利用莱特-吉姆萨、FITC-phalloidin 和 Hoechst 33258 染色法观察

CRBGP处理后U251细胞的形态、细胞骨架和细胞核。细胞外基质蛋白如 IV型胶原蛋白、纤连蛋白和层黏连蛋白用于检测

CRBGP 对 U251 细胞黏附的影响。此外，本文采用 transwell 法检测 CRBGP 处理后 U251 细胞的迁移和侵袭能力，并通过

Western blot方法探讨CRBGP诱导U251细胞凋亡并抑制其运动的内在机理。最后，通过酶联免疫吸附测定法检测CRBGP对

U251细胞的抑炎效果。结果 CRBGP通过线粒体依赖途径诱导U251细胞凋亡，阻断促炎因子白介素-6的释放，从而抑制

U251 细胞增殖。同时，CRBGP 对 VGSCs 的阻断作用和抗炎活性有助于其抑制 U251 细胞的黏附、迁移和侵袭。最后，

CRBGP通过抑制FAK-AKT信号通路影响U251细胞的增殖和运动。结论 CRBGP可能因具有VGSCs抑制特性而表现出抗

肿瘤活性，为VGSCs在胶质瘤中的作用提供了依据。

关键词 胶质瘤，U251细胞，电压门控钠通道，富含半胱氨酸的颊腺蛋白，白介素-6
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