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Role of the voltage-gated sodium channel Nav1.6
in glioma and candidate drugs screening
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Abstract. Gliomas remain a clinical challenge, common
and fatal. Treatment of glioblastoma remains elusive, and
researchers have focused on discovering new mechanisms
and drugs. It has been well established that the expression
of voltage-gated sodium channels (VGSCs) is abnormally
increased in numerous malignancies and, in general, is rarely
expressed in the corresponding normal tissues. This suggests
that ion channel activity appears to be associated with malig-
nant progression of tumors. VGSCs remain largely unknown
as to how their activity leads to an increase in cancer cell
activity or invasiveness. Certain sodium ion channel subtypes
(for instance, Navl.5 and Navl.7) are associated with metas-
tasis and invasion in cancers including breast and colorectal
cancers. A previous study by the authors explored the expres-
sion of certain ion channels in glioma, but there are few studies
related to Navl.6. The current study aimed to elucidate the
expression and role of Navl.6 in glioma and to screen potential
drugs for the treatment of glioma by virtual screening and
drug sensitivity analysis. Navl.6 relative expression of mRNA
and protein was determined by reverse transcription-quanti-
tative PCR and western blot analysis. Cell proliferation was
determined by Cell Counting Kit-8 assay. Cell migration
was assessed by cellular wound healing assay. Cell invasion
and apoptosis were detected by Transwell cell invasion assay
and flow cytometry. Last but not least, FDA-approved drugs
were screened using virtual screening, molecular docking and
NCI-60 drug sensitivity analyses based on the expression and
structure of Navl.6. In glioma cells, Navl.6 was significantly
upregulated and expressed mostly in the cytoplasm and cell
membrane; its expression was positively correlated with
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pathological grade. A172 and U251 cells exhibited reduced
proliferation, migration and invasion when Navl.6 expression
was knocked down, and apoptosis was increased. TNF-a
(100 pg/ml) acting on glioma cells was found to upregulate
the expression level of Navl.6, and TNF-a was involved in the
process of Navl.6 promoting malignant progression of glioma.
Finally, certain FDA-approved drugs were identified by virtual
screening and drug sensitivity analysis. In conclusion, the
present study demonstrated the expression and role of Navl.6
in glioma and identified several FDA-approved drugs that are
highly correlated with Nav1.6 and could be candidate drugs for
patients with glioma.

Introduction

The treatment of gliomas remains a challenge for neurosur-
geons (1). There remains a need to explore the molecular
mechanisms of malignant gliomas and to find new therapeutic
strategies and drug targets. Metastasis and invasion are
important causes of cancer mortality. Numerous studies have
shown that voltage-gated sodium channels (VGSCs) are aber-
rantly expressed in a variety of metastatic tumors (2-7). High
expression of VGSCs has the potential to enhance cancer cell
invasion and metastasis. It was found that several types of ion
channels are distributed on the nervous system and glial cells,
and certain sodium channels were found to play a role in the
physiological progression of glial cells (8,9). Previous studies
have shown that neonatal isoform Navl.5 is highly expressed
in high-grade gliomas but is also intimately linked to their
biological behavior, including invasion, proliferation and
migration (10-12). This suggests that VGSCs are associated
with the development of gliomas.

VGSCs are directly or indirectly involved in various physi-
ological processes by regulating the transport of sodium ions
across membranes (13). VGSCs consist of a core o subunit
and auxiliary (3 subunits (14). A total of 10 different isoforms
have been identified depending on the a subunit. The distri-
bution and function of the Navs varies among the different
isoforms (15). The a-subunit is the main determinant of the
physiological activity of VGSC and can function partially on
its own, but is only fully functional when linked to the auxil-
iary subunit -subunit by disulfide or non-covalent bonds. The
sodium channel is widely expressed in the nervous system,
but the encoded proteins, structures and electrophysiological
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properties vary between isoforms (16). The Nav1.6 gene encoded
by sodium voltage-gated channel alpha subunit 8§ (SCN8A) is
widely expressed in the central and peripheral nervous systems.
The expression and role of Nav1.6 have been verified in various
mouse neurological diseases and animal models (17-20), and
it has been reported that Navl.6 is highly expressed in human
colorectal and oral squamous carcinomas, and its knockdown
significantly affects the invasive and metastatic ability of
cancer cells (7). However, the specific mechanisms affecting
tumor invasion and metastasis remain unclear (21,22).

Currently, the expression of Navl.6 in glioma and its
effects and mechanisms on glioma development have not been
reported. In the present study, the expression of Navl.6 in
different grades of gliomas was firstly described and the role
and mechanism of Navl.6 isoforms in gliomas were explored.
Finally, certain FDA-approved drugs were identified based on
the expression and structure of Navl.6.

Materials and methods

Cells and tissues. The glioma cell lines HEB, U887 MG
(cat. no. HTB-14; glioblastoma of unknown origin; verified
by STR analysis), A172 and U251 were obtained from the
Shanghai Cell Bank and glioma pathological tissues were
obtained from the Department of Neurosurgery, The First
Affiliated Hospital of China Medical University (Shenyang,
China). Ages ranged from 33 to 76, including six male and
six female patients. Inclusion criteria were patients diagnosed
with glioma and sufficient tumor tissue available for study.
All tissues and specimens were obtained with the approval
(approval no. 20190142) and endorsement of the Ethics
Committee of China Medical University (Shenyang, China).
The date range of tissue collection was between July 17, 2019
and August 12, 2021. Written informed consent was obtained
from each tumor tissue donor for the use of the tumor tissue
and clinical data for future research.

Cell culture and transfection. Glioma cells A172 and U251
were cultured in DMEM sugar-free medium (Gibco; Thermo
Fisher Scientific, Inc.) containing 10% fetal bovine serum
(Gibco; Thermo Fisher Scientific, Inc.) and 1% double anti-
bodies (Gibco; Thermo Fisher Scientific, Inc.). All cells were
cultured at 37°C in an atmosphere containing 5% CO,. Glioma
A172 and U251 cell lines in logarithmic growth phase were
received and transfection was performed at 37°C for 24 h using
Lipofectamine® 3000 reagent according to the manufacturer's
instructions (Invitrogen; Thermo Fisher Scientific, Inc.). The
concentration of transfected small interfering (si) RNAs was
50 nM. The efficiency of transfection was verified by qPCR
and western blotting (WB). The sequences of the siRNAs used
are shown in Table SI.

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). The corresponding tissues or cells (1x107) were
received lysed by TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.); RNA was extracted by chloroform, precipi-
tated by isopropanol and lysed in the presence of DEPC in
water to inactivate RNAse enzymes. RNA purification was
performed according to the instructions of the corresponding
reverse transcription kit Shanghai Yeasen Biotechnology

Co., Ltd. Hifair® IIT 1Ist Strand cDNA Synthesis SuperMix
(cat. no. 11141ES60; Shanghai Yeasen Biotechnology Co.,
Ltd.) was used for PCR. The thermocycling conditions for the
RT-qPCR reaction were as follows: 25°C for 5 min, 55°C for
15 min, and 85°C for 5 min for the reverse transcription step,
and 95°C for 5 min for the pre-denaturation step followed by
one cycle; 95°C for 10 sec for the denaturation step followed by
40 cycles; and 60°C for 30 sec for the extension step followed
by 40 cycles. The reference gene was f-actin, quantified by
2-44C4 method (23). The sequences of the primers used are
shown in Table SI.

WB. Protein quantification was performed using a BCA kit
(cat. no. WB6501; NCM Biotech; http://www.ncmbio.com/)
according to the manufacturer's instructions. Phosphatase
inhibitor (1%) and protease inhibitor were added during cell
lysis (cat. no. P002; NCM Biotech). Proteins were separated
using SDS-PAGE. A 7.5% gel (cat. no. P2011; NCM Biotech)
was used, and 20 ug of protein was loaded per lane. This
was performed in Tris-glycine buffer system. The separated
proteins were subsequently transferred to 0.45-ym PVDF
membrane (Merck KGaA) and Skim milk powder closed at
room temperature for two h. Next, the membranes were rinsed
three times with TBST prepared with 0.1% Tween 20 for 8 min
each. The membranes were incubated overnight at 4°C with
primary antibodies against SCN8A (1:800; cat. no. ab230654;
Abcam) and p-actin (1:5,000; cat. no. bs-0061R; BIOSS).
Following the primary incubation, membranes were incubated
at room temperature with HRP-labeled goat anti-rabbit IgG
secondary antibody (1:10,000; cat. no. bs-0295G; BIOSS).
Membranes were washed with TBST for 10 min each time.
Luminescence was performed, developed and images of
the protein bands were captured for analysis using the ECL
chemiluminescence kit (NCM). Densitometric analysis was
performed using ImageJ software version 1.52a (National
Institutes of Health).

Immunohistochemistry. Paraffin sections of 5-ym thickness
were first dewaxed with xylene for 30 min after 1 h in an oven
at 60°C. Subsequently, the sections were placed sequentially
in a gradient alcohol and the tissue sections were washed in
water to remove residual alcohol and dewaxing agent while
the sections were hydrated. Sections were immersed in citrate
buffer and placed in a microwave oven for antigen repair, then
washed in PBS. Blocking treatment was performed using 5%
bovine serum albumin for 1 h at room temperature. Sections
were washed with PBS and incubated with 3% hydrogen
peroxide. Deparaffinized sections were incubated overnight
at 4°C with primary antibodies against SCN8A (1:100) and
subsequently with HRP-conjugated goat anti-rabbit IgG
secondary antibody (1:1,000) for 1 h at room temperature.
The slides were washed and stained with DAB for color
development. Color development was terminated by tap water.
Hematoxylin counterstaining followed, using hydrochloric
acid for 1% alcohol fractionation. Tap water was used to
reverse the blue, followed by alcohol dehydration (gradient
concentration) and dewaxing with 95% alcohol. Next, xylene
dehydration, sealing and drying of the film was performed.
Tissues were observed under a light microscope and images
were captured.
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Cellular experiments

Cell Counting Kit-8 (CCK-8) cell proliferation assay. A172
and U251 cells were inoculated into 96-well plates at a density
of 1,500 and 2,500 per well, respectively. CCK-8 assay was
performed following the manufacturer's protocol (BIOSS).
Each well was spiked with 10 ul of CCK-8 reagent and incu-
bated at 37°C for 2 h, followed by detection at 450 nm using
a multifunctional enzyme marker (BioTek Instruments, Inc.).

Wound healing assay. A172 and U251 cells were spread
into six-well plates at a density of 2x10° and 3x10° per well
and treated with mitomycin (1 pg/ml) after spreading. Cells
were scratched with a sterile gun tip. Cells were serum-starved
(FBS <5%) during the assay. Images were captured at different
time points (0, 12 and 24 h) using an inverted fluorescence
microscope ECLIPSE Ts2 (Nikon Corporation). Data analysis
was performed using GraphPad Prism 7.

Transwell cell invasion assay. Matrigel (cat. no. 356234;
Corning, Inc.) was placed overnight at 4°C and then diluted
1:8 and wrapped on the surface of the upper chamber wrapped
in Transwell bottom membrane. Cells (4x10°) were seeded in
the upper chamber containing 200 ul of serum-free medium
and the lower chamber was filled with 600 ul of medium
containing 10% FBS. Cells were fixed with 4% paraformalde-
hyde for 20 min, followed by staining with 0.1% crystal violet
for 15 min at 25°C and inverted microscopy observation.

Apoptosis measurement by flow cytometry. Analysis of
apoptosis was conducted using the PE Annexin V Apoptosis
Detection kit (cat. no. 559763; BD Biosciences) according
to the manufacturer's instructions. Apoptotic cells were
subsequently detected on LSRFortessa (BD Biosciences)
and analyzed using FACSDiva software (Version 6.2; BD
Biosciences). Early apoptosis plus late apoptosis was used to
assess the apoptosis of cells.

Virtual screening and drug sensitivity analysis. The
FDA-approved and pharmacopeial drugs were downloaded
from TargetMol (24), which contains 2858 drugs and their
structures, with full drug names and drug IDs shown in
Table SII. The protein structure for SCN8A was obtained
from the AlphaFold Protein Structure Database (accession
no. Q9UQDO) (25,26), and the binding sites were identified
by the GHECOM algorithm (27); virtual screening and
molecular docking were performed using UCSF DOCK
6.9 (28). Finally, docking conformations were demonstrated
using PyMol (Version 2.3) and interaction forces were anal-
ysed and demonstrated by Ligplus (29). A total of 23808
genetic data (RNA: RNA-seq) and 24359 compounds' data
(Compound activity: DTP NCI-60, which includes 218 drugs
that have been approved by the FDA, and 574 drug molecules
in clinical trials) have been identified in NCI-60 cell lines,
and were obtained from the CellMiner database (30). The
results of drugs that have undergone clinical trials and
FDA approval were selected to ensure the reliability of the
analysis. P<0.05 was used as a cut-off in screening the results
based on Pearson's correlation coefficients between each
gene expression and each drug.

Statistical analysis. All data are presented as the mean + stan-
dard error of the mean (M + SEM). Unpaired Student's t-test
was used to determine the statistical significance between
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the two groups. The results were analyzed using GraphPad
Prism (version 7.0; Dotmatics). Depending on the design of the
experiment, the data were analyzed using one-way ANOVA
followed by Tukey's post hoc test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Navl.6 mRNA and protein expression are higher in human
glioma cells and tissues than in normal glial cells. The
expression of Navl.6 mRNA and protein in glioma cell lines
U251, U87 A172 and normal glial cells HEB was detected
by RT-qPCR and WB. It was demonstrated that Navl.6 was
expressed in both normal and glioma cell lines, and the
expression in glioma cell lines U251 and A172 was signifi-
cantly higher than that in normal glial cells (Fig. 1A-C),
therefore U251 and A172 cell lines were subsequently used
for knockdown experiments. WB results also showed that
the relative protein expression of Navl.6 in glioma cell lines
U251, U87, and A172 was several times higher than that in
normal glial tissues. To investigate whether the expression
level of Navl.6 correlated with the malignant progression
of glioma, immunohistochemical experiments were further
performed using paraffin sections of clinically collected
glioma tissues of different grades. The results revealed
that Navl.6 was mainly expressed on the cytoplasm and
cell membrane, and the expression level of Navl.6 was
significantly higher in high-grade tissues compared with
lower-grade glioma tissues (Fig. 1D-F). In summary, it was
evident that the expression level of Navl.6 is increased in
glioma and positively correlates with the pathological grade
of glioma.

Knockdown of Navl.6 inhibits the proliferation, migration
and invasive ability of glioma cells and promotes apoptosis
of glioma cells. The glioma U251 and A172 cell lines were
transfected with si-Navl.6 and si-NC, and the efficiency of
transfection was verified by WB (Fig. 2A-C) and RT-qPCR
(Fig. 2D and E). It was identified that the mRNA and
protein levels of Navl.6 in both U251 and A172 cells were
significantly decreased after transfection with si-Navl.6
compared with the NC group, and the knockdown effect
was significant.

Several assays were conducted to detect the effect of
si-Navl.6 on glioma cells, including proliferation, wound
healing, cell invasion and flow cytometric analysis apoptosis
assay. The experimental data demonstrated that there was
no significant difference in cell proliferation between A172
si-Navl.6 and U251 si-Navl.6 within 24 h compared with
the control group, and transfection of si-Navl.6 significantly
inhibited the proliferation of glioma A172 and U251 cells
after 24 h (P<0.01, Fig. 3A). In addition, it was revealed that
si-Navl.6 wound healing and invasive abilities of A172 and
U251 cells (Fig. 3B and C, respectively). Flow cytometric
analysis of apoptosis assay showed that the transfection of
si-Nav1.6 promoted the apoptotic rate of glioma A172 and
U251 cells (Fig. 3D).

TNF-a induces the expression of Navl.6 and induces the
proliferation, migration and invasion of glioma cells. Through
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Figure 1. Detection of Navl.6 expression levels in glioma cells and tissues. (A and B) Detection of protein expression levels of Navl.6 in different glioma
cell lines using western blotting. (C) Detection of Navl.6 mRNA expression levels in different glioma cell lines by reverse transcription-quantitative PCR.
(D-F) Expression of Navl.6 in different grades of glioma tissues using immunohistochemical analysis (scale bar, 20 ym). “P<0.01 and "“P<0.001.
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Figure 2. Navl.6 protein and mRNA expression levles in glioma cells after transfection with si-Navl.6. (A-C) Navl.6 protein expression in glioma cells after
si-Nav1.6 transfection using western blotting. (D and E) Navl.6 mRNA expression in glioma cells after si-Nav1.6 transfection. “P<0.01. si-, small interfering;

NC, negative control.

literature review and analysis of relevant data, it was found
that TNF-a can affect Navl.6 expression and has been veri-
fied at the electrophysiological level (31), but it has still not
been studied in tumor cells. Therefore, the effect of TNF-a on
Navl.6 expression was studied at the cellular level. First, the

optimal concentration and optimal time of TNF-a action were
mapped by pre-experiments. The effect of TNF-a on Navl.6
was detected at concentrations of 1, 10, 100 and 1,000 pg/ml,
and the final treatment was selected at an action concentration
of 100 pg/ml. The relative expression levels of mRNA and
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Figure 3. Effect of transfection with si-Nav1.6 on the biological activity of glioma cells. (A) Cell Counting Kit-8 cell proliferation assay showed that transfec-
tion with si-Nav1.6 reduced the proliferation of glioma A172 and U251 cells. (B) Wound healing assays revealed that transfection with si-Nav1.6 decreased
glioma A172 and U251 cell migration (scale bar, 100 ym). (C) Transwell cell invasion assay demonstrated that transfection with si-Nav1.6 reduced the invasion
of glioma A172 and U251 cells (scale bar, 50 #m). (D) Flow cytometric analysis of apoptosis assay showed that transfection of si-Nav1.6 promoted the apoptotic
rate of glioma A172 and U251 cells. "P<0.05, “P<0.01 and *“P<0.001. si-, small interfering; NC, negative control.

protein of Navl.6 were significantly increased after the action
of TNF-a (100 pg/ml) on A172 and U251 cells. TNF-a action
in cell lines transfected with si-Navl.6 significantly increased
the protein and mRNA expression of Navl.6, but was slightly
lower than the direct action of TNF-a (Fig. 4A-F). This
suggested that TNF-o induced the protein and mRNA expres-
sion of Navl.6 in glioma cells and that si-Nav1l.6 partially
blocked the induction of TNF-a.

To determine the effects of TNF-a on glioma cells, CCK-8,
wound healing and Transwell invasion assays were performed.
Proliferation, migration, and invasion of glioma cells were
significantly enhanced, and TNF-a also resisted the effect of
si-Navl.6 and increased the level of Navl.6 expression after
transfection with siRNA, but si-Navl.6 also partially blocked
the induction of TNF-a (Fig. SA-C). The association of Nav1.6
with the development and malignant progression of gliomas
was also further confirmed by the action of TNF-a.

A virtual screening and sensitivity analysis of drugs. Based
on the aforementioned analysis, in order to explore the drugs
targeting SCN8A, molecular docking and virtual screening
against FDA-approved drugs was conducted based on the
3D structure of the protein. A list of the top 10 scoring drug
molecules is shown in Table I and a summary of the scores is

Table 1. The 10 drugs with the highest docking scores to
Navl.6.

1D Grid Score  Grid_vdw  Grid_es Int_energy
T2096 -122.5961 -67.5617 -55.0345 14.1862
T1104 -122.1724 -69.007 -53.1654 19.9233
T0950 -122.1169 -70.7967 -51.3203 15.3193
T1776 -121.5208 -71.2886  -50.2322 45184
T1776L  -120.1207 -69.3475 -50.7733 47753
T3934 -112.7299  -102.7981 -9.9318 31.7494
T1013 -111.8229 -68.5774  -43.2455 12.3296
T4509 -111.4996  -110.4062 -1.0934 24.5032
T2119 -111.4223 -106.4619 -4.9605 22.766
T1670 -110.7266  -107.2315 -3.4951 54.6025

presented in Table SII. The conformation and interaction force
analysis of the top six scoring drugs can be observed in Fig. 6,
and the results indicated that Neomycin Sulphate B (T2096),
Paromomycin Sulfate (T1104), Neomycin sulfate (T0950),
Plerixafor 8HCI (T1776 and T1776L) and Isavuconazonium
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Figure 4. Expression of Navl.6 after TNF-a action on glioma A172 and U251 cells. (A and B) Nav1.6 protein expression after TNF-a action on glioma A172
cells. (C) Navl.6 mRNA expression after TNF-a action in glioma A172 cells. (D and E) Navl1.6 protein expression after TNF-a action in glioma U251 cells.
(F) Navl.6 mRNA expression after TNF-a action in glioma U251 cells. “P<0.01 and ““P<0.001. si-, small interfering; NC, negative control.

Relative mRNA expression
N

U251 NC

U251 si-Nav1.6

U251 TNF-a

U251 si-Nav1.6+TNF-a
U251 NC

U251 si-Nav1.6

U251 TNF-a

U251 si-Nav1.6+TNF-o

>

B A172 TNF-a+
A172 NC A172 si-Nav1.6 A172 TNF-a si-Nav1.6

2 T v on 2 AN
9 ~ - ll
3 2.0 - A172si-Nav1.6 ° =A172 si-Nav
g, - o A172TNF-o © =A172 si- Nav1 6+TNF -0
s - A172 si-Nav1.6+TNF-c. g
e " 12h £
2 1.0 E
g b <
5 05 2
o (<}
< 0.0+ H
0 20 60 80 24h
Time (h)
U251 TNF-o+
3 U251 NC U251 si-Nav1.6 U251 TNF-a si-Navi.6
3 v = U251NC
3 - U251 si-Nav1.6 = U251 NC
T2 *x - U251 TNF-a Oh T -UES} _?_l-Nav1 6
© 3 » <
g e EFRUSHSENaviGRTNFSa ° = U251 si-Nav1.6+TNF-o
g1 o >
S 12h £
2 3
< 0+ <
20 60 80 o
Time (h) 3
“ h- - - - -
A172NC A172 si-Nav1.6 U26LNG U251 siNavi.6
s
5 0] o =AM e
400 — = si-Nav1. —_
2 _ =Al72TNFa 5 o =88] NRavt o
5 300 = A172 si-Nav1.6+ $ 400 = U251 TNF-o
= TNF-o E 400 S U251 si-Navt 6+TNF-a
3 200 : =
8 g 200{ ==
g 100 U251 TNF-o U251 TNF-o+si-Nav1.6 s
£, : : LS 100
o e B 3 : o
= : L C R
S = [ -~ 328
<% £ & g2 FE R
R Sh g9
= 2 I
% S =
e &
]

Figure 5. Effect of TNF-a on glioma biological activity after action on glioma A172 and U251 cells. (A) TNF-a induced the proliferation of A172 and U251
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“P<0.05, “P<0.01 and ““P<0.001. si-, small interfering; NC, negative control.
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Figure 7. Scatter plot of SCN8A expression in relation to drug sensitivity. SCN8A, sodium voltage-gated channel alpha subunit 8.

sulfate (T3934) showed stronger binding to SCN8A. The
results of NCI-60 drug sensitivity analysis similarly revealed
that the sensitivity of 23 drugs correlated with the expression
of SCNSA. A total of 3 of these drugs [Tamoxifen (TAM),
Selumetinib and tepotinib] demonstrated a significant correla-
tion (Table II, Fig. 7). In addition, different expression levels
of SCNS8A similarly affected the half maximal inhibitory
concentration values of the drugs (Fig. 8). Finally, it is worth
mentioning that numerous of the screened drugs already have
therapeutic value in non-tumor and other oncologic diseases,
and based on the analysis of the aforementioned results, they
could also be potential drugs for the treatment of glioma.

Discussion

Metastatic and aggressive progression of tumors is the main
reason for the poor prognosis and low survival rate of most
patients with malignant tumors. Therefore, it is particularly
important to explore the specific mechanisms of metastasis
and invasion of malignant tumors. In 2017, the electron

microscopic structure of eukaryotic VGSCs was first reported
by Pan et al (32) using cryo-electron microscopy. This also
provided a basis for further understanding of the VGSCs.
VGSCs only started to be studied in gliomas in 2002, and
researchers initially detected and elaborated the expression of
different ion isoforms in gliomas, but no systematic study of
tumor cells has been performed yet (33). The aberrant expres-
sion of ion channels in gliomas also suggests that VGSCs have
the potential to become glioma-related biomarkers.

VGSCs are composed of core o and 3 subunits (34). The
a-subunit is a key determinant of the activity and function of
VGSCs, whereas the B-subunit can regulate channel expres-
sion, homeostasis and kinetic properties by binding to the
a-subunit. a-subunit can function intact by binding to the
[-subunit. a-subunit and B-subunit interactions can enhance
the internal repair capacity of the channel, improve channel
stability and kinetic properties, and increase the expression of
the channel. Even the a subunits of two VGSCs can interact
to regulate the activity of ion channels, with the direct mutual
region located at the N terminus (35). Sodium channels are
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Figure 8. Box plot of drug sensitivity in SCN8A-high and SCN8A-low expression groups. "P<0.05. SCN8A, sodium voltage-gated channel alpha subunit 8;

1C,,, half maximal inhibitory concentration.

key initiators of electrical signals in all animals, and electrical
signals play a crucial importance in a range of basic physiolog-
ical activities including neural activity and muscle contraction.
In humans, there are nine known subtypes of VGSCs that
function in different organs and physiological processes. In
the nervous system, sodium channels are widely distributed.
Abnormalities in sodium channels contribute to the progres-
sion of neurological disorders, muscular disorders and cardiac
ailments. This also appears to be consistent with the currently
known distribution of ion channel subtypes, further validating
the association of VGSCs with tumor progression.

In the present experiment, it was verified that Navl.6 is
highly expressed in gliomas. This is also consistent with
previous studies and the previous experimental results
(Wang et al, unpublished data) of the authors' group. Previous
studies also showed that Navl.6 was associated with malig-
nant progression of glioma, and inhibition of its expression
reduced the metastatic and invasive potential of glioma, which
was also consistent with the hypothesis of the current study.
There are few studies on Navl.6 in tumors, and certain of the
rare studies are in colorectal and cervical cancers (7,36). The

majority of the studies involve disease models, mouse-rat
models and electrophysiology. Extending the studies in
colorectal and cervical cancer to other cellular and cancer
models will also help advance the understanding and
mechanistic studies of sodium channels. In addition, Navl.6
isoforms have also been proposed as a therapeutic target for
the treatment of cancer, as they have been shown to play a role
in promoting tumor growth and migration. Targeting Nav1.6
isoforms with specific inhibitors, such as siRNAs or drugs,
has been shown to reduce the growth and spread of cancer
cells in vitro and in animal models (37). However, while these
findings are promising, further research is needed to deter-
mine the usefulness of Navl.6 isoforms as diagnostic markers
and therapeutic targets in the treatment of clinical metastatic
tumors. This may involve further studies in larger animal
models and clinical trials in humans to determine the safety
and efficacy of targeting Navl.6 isoforms for the treatment of
cancer. Overall, Navl.6 isoforms appear to be promising as
diagnostic markers and therapeutic targets in the treatment of
clinical metastatic tumors, but further research is required to
determine their usefulness in clinical practice.
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Table II. An analysis of correlations between SCN8A expression and the sensitivity of FDA-approved drugs.
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Gene Drug Correlation P-value
SCNSA Tamoxifen -0.3877366 0.00220652
SCNSA Selumetinib -0.3460751 0.0067579
SCNSA tepotinib -0.3302933 0.00995474
SCNSA 3-Bromopyruvate (acid) 0.32957993 0.01012599
SCNSA Lenvatinib 0.32851997 0.01038515
SCN8A Tipifarnib -0.3153499 0.0141166
SCNSA geldanamycin analog -0.3099119 0.01596459
SCNSA Vemurafenib -0.3057577 0.01751239
SCNSA Axitinib 0.30044955 0.01967502
SCNSA JNJ-28312141 -0.2939791 0.02261459
SCNSA PLX-4720 -0.2898328 0.02468725
SCN8A PF-562271 -0.2885017 0.02538575
SCNSA AS-703569 0.27787558 0.03158141
SCNSA PYRAZOLOACRIDINE 0.27702531 0.03212751
SCNSA (+)-JQ1 -0.2765262 0.03245173
SCNSA Nilotinib -0.2744798 0.0338097
SCNSA VINORELBINE -0.273364 0.0345699
SCN8A ARRY-162 -0.2731846 0.03469338
SCNSA RO-5126766 -0.2696654 0.03719198
SCNSA EMD-534085 -0.2692616 0.037488
SCNSA Amonafide 0.26430171 0.04128567
SCNSA HYPOTHEMYCIN -0.2622113 0.04297867
SCN8A Pimasertib -0.2599519 0.04487232

SCNB8A, sodium voltage-gated channel alpha subunit 8.

Through an extensive literature review, it was found that
Cheng et al (31) indicated that TNF-a upregulated Navl.6
currents in retinal cells; Ding er al (38) also found that the
TNF-a/STAT3 signalling pathway upregulated Nav1.6 expres-
sion in the dorsal root ganglion. However, the regulation
within the tumor remains unclear, thus the role of TNF-a in
this regard was investigated in the present study. As a classical
inflammatory cytokine, TNF-a binds to multiple receptors
within the nervous system and exerts multiple functions.
TNF-a does not have a single effect on tumor cells, but can
both promote and inhibit cell proliferation and induce apop-
tosis (39). In the present study, it was demonstrated that TNF-a
promotes the production of Navl.6 protein and mRNA, and
si-Navl.6 could partially block the induction of TNF-a in
glioma, suggesting that TNF-a is associated with malignant
progression of tumors in glioma.

Subsequently, a number of drugs that have potential
therapeutic value for gliomas were screened. After the initial
screening was completed, there were certain interesting and
surprising findings during the further analysis of drug feasibility
and possible relevant mechanisms. The available literature
on several drugs is consistent with the current experimental
results, and this has greatly increased the authors' confidence
in these drugs. Among the numerous studies on the mecha-
nisms of VGSCs regulating tumor metastasis, the most likely
mechanisms are the following: The inward flow of sodium ions

affects the PH and calcium ion concentrations, which carry
hydrogen ions out of the cell into the extracellular matrix by
the action of the sodium-hydrogen exchanger, and the activa-
tion of cysteine proteases during acidification accelerates the
degradation of the extracellular matrix and thus promotes the
PH-dependent tumor cell metastasis (40). There is also another
sodium-calcium exchanger (NCX) where ion exchange leads
to changes in intracellular calcium ion concentration and PH
as well as changes in the cellular microenvironment. The
altered calcium ion concentration promotes the formation of
pedicles/endopods, which indirectly affects the cell migration
and metastasis process (41-43). Among the results of virtual
screening based on the structure of SCN8A, T0950 (trade
name Neomycin sulfate) is an FDA-approved aminoglycoside
antibiotic and phospholipase C inhibitor known to be commer-
cially available. It can inhibit bacteria, cell proliferation and
angiogenesis, and more importantly, it is also a commercially
available calcium channel blocker (44). As a drug targeting
Navl.6, it also plays a role in the blockade of calcium ions.
This appears to be consistent with the mechanistic hypothesis
that currently exists. Blocking the inward flow of sodium ions
affects the action of NCX, somehow blocking calcium ions
as well. And as early as 1999, Mikkelsen et al (45) found that
it also has an effect on pH. Perhaps there is also a relation-
ship with the inhibition of the action of the sodium-hydrogen
exchanger. These previous studies suggested that the drug has
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far-reaching research prospects and the reliability of drug
screening is further enhanced. The specific mechanism is to
be verified and explored in depth in the authors' future study.

Meanwhile, it was found that T1716 (Trade name
Echinacoside), possesses a variety of biological activities.
In vitro experiments have revealed that Echinacoside behaves
as an antioxidant and an effective free radical scavenger
in vitro. TNF-a-induced apoptosis in SH-SYS5Y neuronal cells
is reversed by this agent. This also supports the relationship
between Navl.6 and TNF-a in the current study. Echinacoside
can block Nav1.6 expression and act on TNF-a-induced apop-
tosis. In addition, it was recently reported that Echinacoside
can also effectively inhibit the Wnt/p-catenin signaling
pathway (46). Echinacoside plays a neuroprotective role
by activating Trk receptor and its downstream signaling
pathway (47). This provides a pathway for further research on
the pathway and mechanism. It also raises the authors' expec-
tations that Echinacoside can play a key role in neurological
tumors as well.

In the subsequent NCI-60 drug sensitivity analysis, the
sensitivity of 23 drugs was correlated with the expression
of SCN8A. A total of 3 of these drugs (TAM, Selumetinib
and tepotinib) exhibited significant correlations (P<0.01).
Of particular interest was the strongest correlation, TAM,
which is a selective estrogen receptor modulator, widely used
as a treatment and prevention of breast cancer. Different
concentrations of TAM exert different effects, with low
concentrations of (0.1-1 M) inducing cell cycle arrest and
drug concentrations (>5 #M) inducing apoptosis in breast
cancer cells. A total of 5 uM TAM rapidly induces sustained
ERK1/2 activation in ER* breast cancer cells (MCF-7 and
T47D) (48). It has also been identified that TAM can also
induce knockout in CreER (T2) transgenic mice (49). By
contrast, it is carcinogenic in the human uterus and rat
liver (50). These experiments have demonstrated that TAM
exerts different effects in different tumors and diseases and
has a large application potential. This has been confirmed by
extensive clinical trial studies. Certain studies that completed
clinical phase IV have fully demonstrated the clinical promise
of TAM in the treatment of breast cancer (NCT00537771),
infertility (NCT02690870), vaginal bleeding (NCT04933240)
and endometrium (NCT03060304); several studies in clinical
phase II [NCT00108069 (51), NCT00492687, NCT04765098,
NCT00024336, NCT00541138 and NCT00006388] suggested
that TAM has great potential in the treatment of gliomas.
TAM has been shown to cross the blood-brain barrier,
which renders it a promising drug for the treatment of brain
tumors (52). The exact mechanism by which TAM crosses the
blood-brain barrier is not well understood. It is considered
that TAM may cross the blood-brain barrier through passive
diffusion, transcytosis, or facilitated transport (53). The exact
absorption percentage of TAM in the brain is not well char-
acterized, but it is considered to be low due to the presence of
the blood-brain barrier. To further understand the potential of
TAM in the treatment of gliomas, animal experiments need
be performed. These experiments can enable to determine the
efficacy and safety of TAM in treating brain tumors, as well as
to further understand the mechanism by which TAM crosses
the blood-brain barrier. Animal experiments may involve the
use of animal models of gliomas, including mice or rats, and
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can help to evaluate the efficacy and safety of TAM in treating
brain tumors. These experiments can also aid to determine
the optimal dosing regimen for TAM, as well as to identify
any potential side effects of the drug. Overall, animal experi-
ments can provide valuable information about the potential of
TAM in the treatment of gliomas and can help to expand the
understanding of the mechanism by which TAM crosses the
blood-brain barrier.

These existing studies demonstrated the therapeutic value
and potential of these screened drugs as treatment for glioma
in non-oncologic diseases and other oncologic diseases. It
is considered that in the next studies the authors' group will
be able to fully refine and fill certain of the gaps of currently
unstudied drugs and provide a new possibility for the treat-
ment of glioma.

In conclusion, the present study first demonstrated the
expression and role of Navl.6 in glioma, laying the foundation
for further investigation of specific mechanisms, and several
FDA-approved drugs that may be glioma treatment candidate
drugs were screened.
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