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Glioma are common malignant brain tumors, among which glioblastoma multiforme (GBM) has the worst 
prognosis. Different studies of GBM revealed that targeting nuclear factor kB (NF-kB) induced an attenuation 
tumor proliferation and prolonged cell survival. TBK1 {TANK [TRAF (TNF (tumor-necrosis-factor) receptor-
associated factor)-associated NF-kB activator]-binding kinase 1} is a serine/threonine protein kinase, and it is 
a member of the IkB kinase (IKK) family involved in NF-kB pathway activation. The aim of this study was 
to investigate the potential effect of BX795, an inhibitor of TBK1, in an in vitro and ex vivo model of GBM. 
GBM cell lines (U87 and U138) and primary GBM cells were treated with different concentrations of BX795 
at different time points (24, 48, and 72h) to evaluate cell viability, autophagy, inflammation, and apoptosis. Our 
results demonstrated that BX795 10 µM was able to reduce cell viability, showing antiproliferative effect in 
U87, U138, and primary GBM cells. Moreover, treatment with BX795 10 µM increased the proapoptotic pro-
teins Bax, p53, caspase 3, and caspase 9, whereas the antiapoptotic Bcl-2 expression was reduced. Additionally, 
our results showed a marked decrease in autophagy following BX795 treatment, reducing Atg 7, Atg 5/12, 
and AKT expression. The anti-inflammatory effect of BX795 was demonstrated by a significantly reduction 
in NIK, IKKa, and TNF-a expression, accompanied by a downregulation of angiogenesis. Furthermore, in 
primary GBM cell, BX795 10 µM was able to reduce TBK1 pathway activation and SOX3 expression. In con-
clusion, these findings showed that TBK1 is involved in GBM proliferation, demonstrating that the inhibitor 
BX795, thanks to its abilities, could improve therapeutic strategies for GBM treatment.
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INTRODUCTION

Gliomas are common malignant brain tumors, among 
which glioblastoma multiforme (GBM) has the worst prog-
nosis1. GBM is the most common and aggressive malig-
nant tumor of the central nervous system, characterized 
by a high degree of proliferation, angiogenesis, necrosis, 
and invasiveness2. GBM is associated with chromosomal 
and genetic mutations that determine the uncontrolled 
growth of brain cells and tumor cell chemoresistance3,4. 
The current standard treatment for GBM consists of sur-
gical resection, followed by radiotherapy with concomi-
tant and adjuvant temozolomide (TMZ) chemotherapy5. 
However, the survival rate for GBM patients remains 
low6; therefore, the identification of new therapeutic 

targets represents an important goal for oncology research. 
TBK1 (TANK-binding kinase) is a serine/threonine pro-
tein kinase encoded by the tbk1 gene; it is a member 
of the IKB kinase (IKK) family7. The binding between 
IKKe (IkB kinase e), a key component of nuclear factor 
kB (NF-kB) signaling, and TBK1 promotes NF-kB and 
interferon regulatory factor (IRF) signaling pathway acti-
vation. This link consequently promotes autophagy and 
inflammatory process through the activation of important 
factors involved in cancer development, including pro-
tein kinase B (Akt) and factor 2 (TRAF2) associated with 
the necrosis factor receptor tumor (TNF-R)7, and inhib-
iting tumor suppressors such as cylindramatosis tumor 
suppressor (CYLD) and Forkhead box O3a (FoxO3a)8. 
TBK1 showed greater expression in solid tumors; in 
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this context, TBK1 promotes cancer cell survival and 
tumor growth through apoptosis pathway alteration, and 
it induces proinflammatory cytokine production through 
NF-kB pathway activation9. Recent studies have revealed 
the possible use of BX795, a specific TBK1 inhibitor for 
the treatment of many cancer types, as primary pancreatic 
ductal adenocarcinoma and melanoma10,11. BX795 was 
originally identified as a 3-phosphoinositide-dependent 
protein kinase (PDK1) inhibitor, but it has been shown 
to inhibit mostly TBK1 and IKKe12, showing anti- 
inflammatory effect. Furthermore, BX795 is able to sup-
press the activity of the regulatory factor for interferon 3 
(IFN3) and also the production of interferon-b (IFN-b) 
in macrophages12. Therefore, this study aims to evaluate 
the effects of BX795 in the processes of inflammation, 
autophagy, and apoptosis in in vitro and ex vivo studies 
of GBM.

MATERIALS AND METHODS

In Vitro Studies

Cell Lines. The human GBM cell lines U-138MG 
(U-138 MG ATCC® HTB-16™ Homo sapiens brain glio-
blastoma) and U-87 MG (U-87 MG ATCC® HTB-14™ 
Homo sapiens brain Likely glioblastomas) were obtained 
from the ATCC (American Type Culture Collection, 
Rockville, MD, USA). Cell lines U-138 and U-87 were 
derived from human malignant gliomas and are com-
monly used as experimental models of glioblastoma13,14. 
U-138 differs from U-87 in morphology, invasion, and 
proliferation rate13. U-138 and U-87 exhibit different pro-
tein expression profiles, mainly characterized by a very 
low expression of glial fibrillary acidic protein (GFAP), 
generally expressed in glial cells and almost completely 
absent in U-87 cells15,16. GBM cells lines were cultured 
in a 75-cm2 flask with, respectively, ATCC-formulated 
Eagle’s Minimum Essential Medium (Catalog No. 
30-2003; ATCC) for U-138 MG and Dulbecco’s modi-
fied Eagle’s medium (DMEM; Catalog No. D5030; 
Sigma-Aldrich, St. Louis, MO, USA) for U-87 MG, both 
supplemented with antibiotics (penicillin, 1000 U; strep-
tomycin, 0.1 mg/L; Catalog No. P4333; Sigma-Aldrich), 
l-glutamine (GlutaMAX™, Catalog No. 35050061; 
ThermoFisher Scientific, Waltham, MA, USA), and 10% 
(v/v) fetal bovine serum (FBS; Catalog No. 12103C; 
Sigma-Aldrich) in a humidified atmosphere containing 
5% CO

2 
at 37° C.

Cell Treatment. U-87 MG and U-138 MG cells were 
cultured in six-well culture plates at a density of 2.5 × 
105 cells/well. Sixteen hours after seeding, a set of plates 
were treated with BX795 (Catalog No. 204001; Sigma-
Aldrich) at increasing concentrations of 0.1, 0.5, 1, and 
10 µM dissolved in dimethyl sulfoxide (DMSO) (20 mg/
ml; sc-358801; Santa Cruz Biotechnology, Dallas, TX, 

USA) for a time from 24 to 72 h. The IC
50

 values were 
calculated by fitting the progress curves to the three 
parameters using GraphPad Prism software version 7.0 
(GraphPad Software, La Jolla, CA, USA).

Experimental Groups. (1) Control (Ctr): human GBM 
cell lines U-87 MG and U-138 MG; (2) BX795 0.1 µM 
group: GBM cell lines U-87 MG treated with 0.1 µM 
BX795; (3) BX795 0.5 µM group: GBM cell lines U-87 
MG treated with 0.5 µM BX795; (4) BX795 1 µM group: 
GBM cell lines U-87 MG treated with 1 µM BX795; 
and (5) BX795 10 µM group: GBM cell lines U-87 MG 
treated with 10 µM BX795.

MTT Assay. Cell viability was measured using a 
mitochondria-dependent dye for live cells (tetrazolium dye; 
MTT) (M5655; Sigma-Aldrich) as previously described 
by Esposito et al.17. U-87 MG and U-138 MG cells were 
pretreated with increasing concentrations of BX795 (0.1, 
0.5, 1, and 10 µM) to determine high concentrations with 
high toxicity on cell viability. After 24 h, cells were incu-
bated at 37°C with MTT (0.2 mg/ml) for 1 h. The medium 
was removed by aspiration, and the cells were lysed with 
DMSO (100 µl). The extent of reduction of MTT to for-
mazan was quantified by measurement of optical density 
at 550 nm (OD550) with a microplate reader18.

RNA Isolation, cDNA Synthesis, and Real-Time 
Quantitative Polymerase Chain Reaction (PCR) 
Amplification. Total RNA was isolated from U-87 cells 
for RT-qPCR analysis using a TRIzol Reagent Kit (Life 
Technologies, Monza, Italy) as previously described19. 
The first strand of cDNA was synthesized from 2.0 µg 
of total RNA using a high-capacity cDNA Archive kit 
(Applied Biosystems, Carlsbad, CA, USA). RT-qPCR 
was performed to evaluate the gene expression of 
Bcl-2, BAX, p53, caspase 3, caspase 9, autophagy- 
related (Atg) 5/12, Atg 7, AKT, and p62/SQSTM1 using 
Power Up Sybr Master Mix (Applied Biosystems) and 
a QuantStudio 6 Flex Real-Time PCR System (Applied 
Biosystems). The amplified PCR products were quanti-
fied by measuring the calculated cycle thresholds (CT) 
of target genes and b-actin mRNA. b-Actin mRNA was 
used as an endogenous control to allow for the relative 
quantification. After normalization, the mean value of the 
normal control target levels was chosen as the calibrator, 
and the results were expressed as a fold change relative 
to normal controls. The oligonucleotide sequences of the 
used primers are reported in Table 1. 

Western Blot Analysis. Western blot analysis was per-
formed as previously described20. U-87 cells were washed 
twice with ice-cold phosphate-buffered saline (PBS), har-
vested, and resuspended in Tris-HCl 20 mM pH 7.5, NaF 
10 mM, 150 µl of NaCl, 1% Nonidet P-40, and protease 
inhibitor cocktail (Catalog No. 11836153001; Roche, 
Switzerland). After 40 min, cell lysates were centrifuged 
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at 12,000 rpm for 15 min at 4°C. Protein concentration 
was estimated by the Bio-Rad protein assay (Bio-Rad 
Laboratories, Hercules, CA, USA) using bovine serum 
albumin as standard. Samples were then heated at 95°C 
for 5 min, and equal amounts of protein were separated on 
a 10%–15% sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) gel and transferred to a poly-
vinylidene difluoride (PVDF) membrane (Immobilon-P, 
Catalog No. 88018; ThermoFisher Scientific). The fol-
lowing primary antibodies were used: anti-IRF3 (1:500; 
ab68481; Abcam, Cambridge, MA, USA), anti-VEGF 
(vascular endothelial growth factor) (1:500; sc-7269; 
Santa Cruz Biotechnology), anti-NIK (NF-kB-inducing 
kinase) (1:500; sc-8417; Santa Cruz Biotechnology), 
anti-IkB kinase a (IKKa) (1:500; sc-7606; Santa 
Cruz Biotechnology), anti-Bax (1:500; sc-7480; Santa 
Cruz Biotechnology), anti-Bcl2 (1:500; sc-7382; 
Santa Cruz Biotechnology), anti-p53 (1:500; sc-126; Santa 
Cruz Biotechnology), anti-caspase 3 (1:500; sc-7272; 
Santa Cruz Biotechnology), and anti-caspase 9 (1:500; 
sc-73548; Santa Cruz Biotechnology). Antibody dilu-
tions were made in PBS/5% w/v nonfat dried milk/0.1% 
Tween-20 (PMT), and membranes were incubated over-
night at 4°C. Membranes were then incubated with sec-
ondary antibody (1:2000; Jackson ImmunoResearch, 
West Grove, PA, USA) for 1 h at room temperature. To 
ascertain that blots were loaded with equal amounts of 
protein lysate, they were also incubated with b-actin 
antibody (cytosolic fraction 1:500; sc-47778; Santa Cruz 
Biotechnology) or lamin A/C (nuclear fraction 1:500; 
sc-376248; Santa Cruz Biotechnology). Signals were 
detected as previously described21. 

Enzyme-Linked Immunosorbent Assay (ELISA) Assay 
for Tumor Necrosis Factor-a (TNF-a) and IFN-b. The 
levels of TNF-a and IFN-b in U-87 cells were performed 
by ELISA kit as previously described22 (mouse TNF-a 
ELISA kit; Cat. No. ab100654; Abcam; mouse IFN-b 
ELISA kit; Cat. No. ab252363; Abcam). In brief, cells from 
each group were seeded into 96-well plates at a density of 

1 × 104 cells/well and were cultured for 24 h. Cultures in 
serum-free medium were incubated in 5% CO

2
 at 37°C for 

24 h. The culture medium was then collected and assayed 
according to the manufacturer’s instructions. Absorbance 
detection was performed at 450 nm using a microplate 
reader (model 550; Bio-Rad Laboratories Inc.). 

Statistical Analysis. All values are expressed as mean 
± standard error of the mean (SEM) of n observations. 
Each analysis was performed three times with three sam-
ples replicates for each one. The results were analyzed 
by one-way analysis of variance (ANOVA) followed by 
a Bonferroni post hoc test for multiple comparisons. A 
value of p < 0.05 was considered significant.

Ex Vivo Studies

Primary GBM Cell Culture. Primary tumor GBM 
cells from patients were obtained according to protocol 
approved by the Regional Ethical Board at the University 
of Messina. All subjects gave their informed consent for 
inclusion before they participated in the study. The study 
was conducted in accordance with the Declaration of 
Helsinki, and the protocol was approved by the Ethics 
Committee of AOU “G. Martino,” Hospital of Messina 
(No. 47/19 of 05/02/2019). Tumor samples were pro-
cessed aseptically, and primary cell cultures were initi-
ated using DMEM (Catalog No. D5030; Sigma-Aldrich) 
with 15% heat-inactivated fetal calf serum (FCS) (Catalog 
No. 12103C; Sigma-Aldrich), 2 mM GlutaMAX-I 
(Catalog No. 35050061; ThermoFisher Scientific), 1% 
insulin-transferrin-selenium-X supplement (Catalog No. 
41400045; ThermoFisher Scientific), and 1% penicillin-
streptomycin mixture (Catalog No. 15640055; Invitrogen, 
Carlsbad, CA, USA). Cells were used within 7 days of 
plating or established as primary cell lines.

Experimental Groups. (1) Control (Ctr): healthy brain 
tissues were processed and used as negative control; (2) 
primary GBM cell: tumor cells obtained from patients 
were processed and used as positive control; and (3) 

Table 1. Primer Sequences Used for RT-qPCR

Gene Forward Primer 5¢−3¢ Reverse Primer 5¢−3¢

Bcl-2 GAGGATTGTGGCCTTCTTTGAG AGCCTCCGTTATCCTGGATC
Bax GGACGAACTGGACAGTAACATG GCAAAGTAGAAAAGGGCGACA
P53 AGAGTCTATAGGCCCACCCC GCTCGACGCTAGGATCTGAC
Caspase 3 CTGAGGCATGGTGAAGAAGGA GTCCAGTTCTGTACCACGGCA
Caspase 9 TGCGAACTAACAGGCAAGCA GTCTGAGAACCTCTGGTTTGC
Atg 5/12 ATGACTAGCC-GGGACACC CCAGTTTAC-CATCACTGCC
Atg 7 TTCTGTTCCCTCAGCGTGTC GCCAGTCTCTTTGGGTCCAT
AKT TCT ATG GCG CTG AGA TTGTG CTT AAT GTG CCC GTC CTTGT
P62/SQSTM1 GCAUUGAAGUUGAUAUCGAUTT ACAGAUGGAGUCGGAUAAC
b-Actin GACTTCGAGCAAGAGATGG AGCACTGTGTTGGCGTACAG
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BX795 10 µM cell: glioblastoma cells from patients were 
treated with BX795 at concentration of 10 µM.

MTT Assay. Primary GBM cell culture obtained from 
patients was treated with BX795 at a concentration of 
10 µM. After 24 h, primary GBM cells were incubated 
at 37°C with MTT (0.2 mg/ml; M5655; Sigma-Aldrich) 
for 1 h. The medium was removed by aspiration, and the 
cells were lysed with 100 µl of DMSO (sc-358801; Santa 
Cruz Biotechnology). The extent of reduction of MTT to 
formazan was quantified by measurement of optical den-
sity at 550 nm (OD550) with a microplate reader18.

Western Blot Analysis. Protein extraction and Western 
blot analysis in primary GBM cell culture were performed 
as previously described20. The filters were probed with 
specific antibodies: anti-TBK1 (1:500; sc-52957; Santa 
Cruz Biotechnology), anti-SOX3 (1:500; sc-101155; 
Santa Cruz Biotechnology), anti-IRF3 (1:500; ab68481; 
Abcam), and anti-IFN-g (1:500; sc-390800; Santa Cruz 
Biotechnology) in 1 × PBS, 5% w/v nonfat dried milk 
(sc-2324; Santa Cruz Biotechnology), 0.1% Tween-20 
(P9416; Sigma-Aldrich) at 4°C overnight. The day after, 
the membranes were incubated with a specific peroxidase-
conjugated secondary antibody (Pierce, Cramlington, 
UK) for 1 h at room temperature and were analyzed by 
KPL enhanced chemiluminescence (ECL) (SeraCare, 
Pittsburgh, PA, USA). Protein signals were quantified by 
scanning densitometry using a bio-image analysis system 
(Bio-Profil, Milan, Italy), and the results were expressed 
as relative integrated intensity compared to controls. To 
ascertain that blots were loaded with equal amounts of 
proteins, they were also incubated in the presence of 
the antibody against b-actin protein (cytosolic fraction 
1:500; sc-47778; Santa Cruz Biotechnology). Signals 
were detected with ECL detection system reagent accord-
ing to the manufacturer’s instructions (ThermoFisher 
Scientific). The relative expression of the protein bands 
was quantified by densitometry with Bio-Rad ChemiDoc 

XRS+ software. Images of blot signals (8 bit/600 dpi res-
olution) were imported to the analysis software (Image 
Quant TL, v2003).

Statistical Analysis. All values are expressed as mean 
± SEM of n observations. Each analysis was performed 
three times with three samples replicates for each one. 
The results were analyzed by one-way ANOVA followed 
by a Bonferroni post hoc test for multiple comparisons. 
A value of p < 0.05 was considered significant.

RESULTS

In Vitro Studies

Effects of BX795 on Cell Viability. BX795 cytotoxic-
ity was evaluated incubating cell lines U-138 and U-87 
with growing concentrations of BX795 (0.1, 0.5, 1, and 
10 µM). BX795 treatment showed cytotoxic and antipro-
liferative effects at 24, 48, and 72 h from the beginning of 
the treatment in U-138 and U-87 in a concentration- and 
time-dependent manner (Figs. 1A and B and 2A and B). 
The values of 1 and 10 µM represented the most cytotoxic 
concentrations of BX795 as shown in Figures 1A and B 
and 2A and B. The IC

50 
values for U-87 cells are included 

in the range of 3.5 to 0.32, and for U-138 cells, IC
50 

values 
range from 4.4 to 1.04. 

Effects of BX795 on Apoptosis. Apoptosis-inducing 
therapies have gained a great interest as promising exper-
imental treatment strategies for GBM23. Therefore, we 
investigated the potential effect of BX795 on apoptosis 
pathway, especially on Bax, Bcl-2, p53, caspase 3, and 
caspase 9 expression. U-87 cells were treated with 1 and 
10 µM BX795 and analyzed by RT-qPCR. The results 
showed a significantly increase in the concentration of 
10 µM proapoptotic Bax (Fig. 3A) and tumor suppres-
sor p53 mRNA expression (Fig. 3B) and a reduction 
in Bcl-2 mRNA expression (Fig. 3C). In addition, the 
results obtained were confirmed by Western blot analysis, 

Figure 1. Effect of BX795 on cell viability in U-87 cells. Cell viability was evaluated using MTT assay 24 h after BX795 treatment 
at the concentrations of 0.1, 0.5, 1 and 10 µM. U-87 cells showed a decrease in proliferation following BX795 treatment in a concen-
tration-dependent manner, mostly at the concentrations of 1 and 10 µM (A). Cell proliferation was evaluated at T0, 24, 48, and 72 h 
in U-87 cells, demonstrating that BX795 treatment was able to suppress cell proliferation (B). Data are representative of at least three 
independent experiments. *p < 0.05, ***p < 0.001 versus the control group.
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confirming an increase in Bax and p53 expression and a 
decrease in Bcl-2 expression after BX795 10 µM treat-
ment (Fig. 3D–F, respectively). Moreover, BX795 treat-
ment at the concentration of 10 µM induced a significant 
increase in caspase 3 and caspase 9 mRNA expression 
(Fig. 4A and B), highlighting an apoptosis activation. 
These results were confirmed also by Western blot analy-
sis as shown in Figures 4C and D, respectively. 

Effects of BX795 on Autophagy. Loss of the autophagy-
related (Atg) genes is frequently associated with cancer 
induction and development, suggesting tumor suppressor-
like role of autophagy in cancer24,25. Therefore, we 

investigated the ability of BX795 treatment in U-87 cells 
to act on the autophagy pathway by evaluating Atg 5/12, 
Atg 7, AKT, and p62/SQSTM1 (sequestome 1) expres-
sion, an autophagy adaptive protein, by RT-qPCR. The 
results demonstrated that BX795 treatment at the concen-
tration of 10 µM significantly reduced Atg 5/12, Atg 7, 
AKT, and p62/SQSTM1 mRNA expression as shown in 
Figure 5A–D, respectively. 

Effects of BX795 on Inflammation. In the context 
of GBM, various studies have focused on the NF-kB 
pathway activation, which is related to IKKa and NIK 
(also known as MAP3K14) activation, leading to the 

Figure 2. Effect of BX795 on cell viability in U-138 cells. Cell viability was evaluated using MTT assay 24 h after BX795 treatment 
at the concentrations of 0.1, 0.5, 1 and 10 µM. U-138 cells showed a significant decrease in proliferation following BX795 treatment 
in a concentration-dependent manner, mostly at the concentrations of 1 and 10 µM (A). Cell proliferation was evaluated at T0, 24, 48, 
and 72 h in U-138 cells, demonstrating that BX795 treatment was able to suppress cell proliferation (B). Data are representative of at 
least three independent experiments. *p < 0.05, ***p < 0.001 versus the control group.

Figure 3. Effect of BX795 on apoptosis pathway. Treatment with BX795 at the concentrations of 1 and 10 µM significantly increased 
Bax and p53 mRNA expression (A, B) and reduced Bcl-2 mRNA expression (C) in U-87 cells compared to the control group evalu-
ated by real-time quantitative polymerase chain reaction (RT-qPCR). Moreover, Western blot analysis confirmed an increase in Bax 
(D) and p53 expression (E) and a reduction in Bcl-2 (F). Data are representative of at least three independent experiments. *p < 0.05, 
**p < 0.01, ***p < 0.001 versus control.
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Figure 5. Effect of BX795 on autophagy. The graphs represent Atg 7 (A), Atg 5/12 (B), p62/SQSTM1 (C), and AKT (D) mRNA 
expressions in U-87 cells. Treatment with BX795 significantly reduced Atg 7, Atg 5/12, p62/SQSTM1, and AKT protein expression in 
U-87 cells compared to control group. Data are representative of at least three independent experiments *p < 0.05, **p < 0.01, ***p < 
0.001 versus control.

Figure 4. Effect of BX795 on caspase 3 and caspase 9 activation. BX795 treatment was demonstrated at the concentrations of 1 and 
10 µM to induce caspase 3 (A) and caspase 9 (B) mRNA expression in U-87 cells. In addition, Western blots analysis confirmed an 
increase in caspase 3 (C) and caspase 9 expression (D) after BX795 treatment. Data are representative of at least three independent 
experiments. *p < 0.05, **p < 0.01 versus control.
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release of proinflammatory cytokines such as TNF-a 
and IFN-b26. Therefore, in this study, we investigated the 
anti-inflammatory effects of BX795 in U-87 cells. The 
results demonstrated that BX795 treatment at the con-
centrations of 1 and 10 µM significantly reduced IKKa 
and NIK expression, as evaluated by Western Blot analy-
sis (Fig. 6A and B, respectively), as well as the reduced 
TNF-a and IFN-b levels, as evaluated by ELISA assay 
(Fig. 7A and B, respectively).

Effects of BX795 on Angiogenesis. GBM tumors are 
highly vascularized, and glioma growth depends on the 
formation of new blood vessels. Thus, in this study, 
we investigated the role of the VEGF27 and of the tran-
scription factor interferon regulatory factor 3 (IRF3) 
that are involved in glioma invasiveness, proliferation, 

and production of proinflammatory and proangiogenic 
mediators28. The obtained results demonstrated the abil-
ity of BX795 to reduce the angiogenesis process in U-87 
cells by Western blot analysis. The results showed a sig-
nificant increase in VEGF and IRF3 expression in GBM 
cell, while BX795 treatment significantly downregulated 
IRF3 and VEGF expression at concentrations of 1 and 10 
µM, as shown in Figure 8A and B.

Ex Vivo Studies 

Effects of BX795 on Cell Viability in Primary GBM 
Cell Culture. BX795 cytotoxicity was evaluated in pri-
mary GBM cell culture obtained from patients at the con-
centration of 10 µM, which represented the most effective 
concentration. BX795 treatment showed a reduction in 

Figure 6. Effect of BX795 on IkB kinase a (IKKa) and NF-kB-inducing kinase (NIK) pathway. Blots revealed a significant increase 
in IKKa (A) and NIK (B) in U-87 cells. Meanwhile, their expressions were significantly attenuated in the groups treated with 1 and 
10 µM BX795, reducing the inflammation process. Data are representative of at least three independent experiments. *p < 0.05, **p < 
0.01, ***p < 0.001 versus control. 

Figure 7. Effects of BX795 on tumor necrosis factor-a (TNF-a) and interferon-b (IFN-b) expressions in U-87 cells. An increase in 
TNF-a (A) and IFN-b (B) levels was evident in U-87 cells, while the treatment with BX795 at the concentrations of 1 and 10 µM 
significantly reduced their expression, relieving inflammation. Data are representative of at least three independent experiments. #p < 
0.05, ##p < 0.01, ###p < 0.001 versus control.
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cell viability in primary GBM cells (Fig. 9A) and anti-
proliferative effect at the concentration of 10 µM for indi-
cated time intervals (Fig. 9B).

Effects of BX795 on TBK1, IRF3, IFNg, and SOX3 
Expression in Primary GBM Cell Culture. To validate the 
effective role of the use of TBK1 inhibitor in glioblas-
toma cell patients, we assessed Western blot analysis for 
TBK1. As shown in Figure 10A, an increase in TBK1 
expression was found in primary cells extracted from 
patients with GBM compared with control; BX795 at the 
concentration of 10 µM was able to significantly reduce 
TBK1 expression. 

To confirm the potential effect of BX795 inhibitor on 
primary GBM cells obtained from patients, we investi-
gated by Western blot analysis IRF3 and IFN-g expres-
sion, two key proteins phosphorylated by TBK129. The 
results obtained showed an increase in IRF3 and IFN-g 
expression in primary GBM cells, meanwhile BX795 10 
µM treatment significantly reduced their expression as 
shown in Figure 10B and C.

Numerous studies have shown that some transcription 
factors such as SOX3 are capable of acting as oncogenes 
by promoting the acquisition of tumor stem cell-like phe-
notypes in GBM30,31. Many studies demonstrated that 
SOX3 overexpression induces an increase in cell viabil-
ity, proliferation, migration, and invasion of GBM cells31. 
Therefore, in this study, we evaluated SOX3 expression 
in primary GBM cell culture by Western blot analysis. We 
found that SOX3 expression in the primary GBM cell cul-
ture was higher than that in the control; however, BX795 
treatment at the concentration of 10 µM significantly 
reduced SOX3 expression as shown in Figure 10D. 

DISCUSSION

GBM is the most common and aggressive malignant 
tumor of the central nervous system32. GBM is character-
ized by diffuse infiltration of the brain tissue surrounding 
the bulk of the tumor3,6. Although the clinical treatment 
options are multiple and effective, the survival rate for 
patients with GBM remains low and additional therapies 

Figure 8. Effect of BX795 on angiogenesis. Blots revealed an increase in IRF3 (A) and vascular endothelial growth factor (VEGF) 
(B) expression in U-87 cells. Meanwhile, BX795 treatment significantly reduced their expression at the concentrations of 1 and 10 
µM in a concentration-dependent manner, demonstrating reduction in angiogenesis process. Data are representative of at least three 
independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001 versus control.

Figure 9. Effect of BX795 on cell viability in primary glioblastoma multiforme (GBM) cell culture. Cell viability was evaluated using 
MTT assay 24 h after BX795 treatment at the concentration of 10 µM. The result demonstrated that 10 µM BX795 treatment reduced 
cell viability in primary GBM cells (A). Cell proliferation was evaluated at T0, 24, 48, and 72 h in primary GBM cell. BX795 treatment 
10 µM was able to suppress cell proliferation compared to the control group (B). Data are representative of at least three independent 
experiments. ##p < 0.01 versus GBM. 
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are needed33. Previous studies have demonstrated that 
GBMs are highly resistant to a single inhibitor1,34, sug-
gesting that combination approaches, involving stan-
dard chemotherapy and pathway inhibitors, might be a 
possible future direction for treating GBM35. Molecular 
analysis of GBM revealed enrichment of NF-kB target 
genes, showing that NF-kB inhibition attenuated tumor 
proliferation and prolonged cell survival36. IKKe, a key 
component of NF-kB signaling, has been identified as a 
breast cancer oncogene; binding of IKKe to the TBK1 
leads to the activation of NF-kB and IRF signaling 
pathway7,37. On this basis, research had identified TBK1 
as an important player in the development of cancer, 
promoting autophagy and inflammatory processes7,38. 
Different in vitro studies demonstrated the possible use 
of BX795, a specific TBK1 inhibitor, for the treatment of 

different cancer types as primary pancreatic ductal ade-
nocarcinoma and melanoma10,11. The compound BX795 
was originally developed as a small-molecule inhibitor of 
PDK1; however, research conducted by Bain et al. dem-
onstrated that BX795 was able to suppress mostly TBK1 
and IKKe39. In the present study, we investigated the role 
of BX795 on inflammation, apoptosis, and autophagy 
pathways in GBM. Firstly, we evaluated the cytotoxicity 
of BX795 at different concentrations in an in vitro model 
of GBM. Our results demonstrated clearly that BX795 at 
1 and 10 µM significantly reduced cell viability in GBM 
cell lines in a concentration-dependent manner, highlight-
ing the antiproliferative effect of BX795 treatment. 

Moreover, it has been shown that TBK1 is a pro-
moter of cancer cell survival suppressing the apoptotic 
pathway. GBM is characterized by altered regulation 

Figure 10. Effect of BX795 on TBK1, IRF3, IFN-g, and SOX3 expression in primary GBM cell culture. The blot revealed an increase 
in TBK1 expression in primary GBM cell compared to the control group (A), confirming the TBK1 involvement in GBM pathophysi-
ology. Meanwhile, 10 µM BX795 treatment significantly reduced its expression (A). In addition, the blot revealed an increase in IRF3, 
IFN-g, and SOX3 expression in primary GBM cell compared to the control group. Meanwhile, 10 µM BX795 treatment significantly 
reduced their expression (B–D). Data are representative of at least three independent experiments: (A) ***p < 0.001 versus CTR, 
###p < 0.001 versus GBMs. (B) ***p < 0.001 versus CTR, ##p < 0.01 versus GBMs. (C) ***p < 0.001 versus CTR; #p < 0.05 versus 
GBMs. (D) **p < 0.01 versus CTR; ##p < 0.01 versus GBMs.
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of the apoptosis pathway, which contributes to cancer 
growth1. Apoptosis is an essential mechanism by which 
the homeostatic balance between cell proliferation and 
cell death is maintained40; it plays a crucial role in the 
development of tumors, including GBM40. Therefore, it 
has been proposed that therapeutic resistance of GBM 
is due to an upregulation of antiapoptotic proteins and 
a downregulation of proapoptotic proteins, leading to 
genetic instability and the activation of oncogenes that 
favor cell survival41. By evaluating apoptotic mediators 
such as Bax, p53, and Bcl-2, our results demonstrated 
that BX795 at the concentrations of 1 and 10 µM sig-
nificantly reduced Bcl-2 and induced Bax and p53 
expressions, promoting apoptotic process in GBM cells. 
Furthermore, to confirm these results, we also evaluated 
the involvement of specific cysteine proteases that have 
a key role in apoptosis such as caspase 3 and caspase 9. 
BX795 treatment at the concentrations of 1 and 10 µM 
induced caspase 3 and caspase 9 expression, confirming 
further apoptosis induction following BX795 treatment. 
GBM tumors are highly vascularized, and glioma growth 
depends on the formation of new blood vessels through 
activating oncogenes and/or downregulating tumor sup-
pressor genes; in this field, TBK1 has been proposed as a 
putative mediator in tumor angiogenesis and tumor-asso-
ciated microvascular inflammation27,37; therefore, in the 
present study, we investigated the role of BX795 on the 
angiogenesis pathway evaluating proangiogenic factors 
such as VEGF and IRF3. Our data clearly showed that 1 
and 10 µM BX795 reduced VEGF and IRF3 expression, 
contrasting the development of new blood vessels and the 
growth of GBM. 

The molecular pathogenesis of GBM is thought to 
involve multiple genetic alterations that result in aber-
rant activity of pathways involved in proliferation and 
inflammation42. Recent studies suggest an important role 
for NF-kB signaling in GBM43. Increased expression of 
TBK1, which was observed in solid tumors, could be 
explained, in part, by inflammatory processes within the 
tumor and/or by infiltrating lymphocytes44. TBK1 and 
IKKe have been studied extensively in relation to their 
functions in promoting the type I interferon response7. 
IKKe is highly expressed in a variety of malignant 
tumors, and it plays an important role in tumorigenesis45. 
The binding between TBK1 and IKKe promotes inter-
feron regulatory factor (IRF3 and IRF7) phosphorylation 
and NF-kB nuclear translocation, causing a substantial 
inflammatory response7. Therefore, in this context, we 
investigated the effect of BX795 on inflammatory path-
way analyzing the expression of important regulatory 
factors of NF-kB pathway, as IKKa and NIK. High NIK 
activity is associated with different human malignan-
cies46. Recent findings show that NIK promotes glioma 
cell invasion and tumor-associated angiogenesis46,47. Our 

results clearly demonstrated that 1 and 10 µM BX795 
reduced NIK and IKKa expressions in GBM cells, denot-
ing an inhibition of the inflammatory process. To confirm 
the anti-inflammatory effects of BX795, we also evalu-
ated some proinflammatory cytokine expressions such as 
TNF-a and IFN-b, demonstrating that 10 µM BX795 sig-
nificantly reduced their expressions in GBM cells. 

Furthermore, the current opinions regarding the role 
of autophagy in tumorigenesis are conflicting. Autophagy 
represents a highly conserved cellular homeostatic pro-
cess that can have either a tumor suppressor or promoter 
effect depending on the tumor type and stage therapy23. 
Autophagy plays a key role in the pathogenesis of GBM24; 
cancer cells use autophagy as a cell survival mechanism, 
in which TBK1 appears to play a key role24. Specifically, 
TBK1 promotes Akt and p62/SQSTM1 activation, a sig-
naling autophagy regulator factor48, and it induces the 
autophagy-related (ATG) family of gene transcription 
such as Atg 5/12 and Atg 7. Our data demonstrated that 
10 µM BX795 influenced autophagy pathway, showing 
a significant reduction in p62/SQSTM1, AKT, Atg 5/12, 
and Atg 7 activities following BX795 treatment. 

Despite these promising results obtained by an in vitro 
model of GBM, we conducted an ex vivo model on pri-
mary GBM cell obtained from patients to confirm the 
effects of BX795. In accordance with the in vitro results, 
our data demonstrated that BX795 exerted cytotoxic 
effect on primary cancer cells, confirming the antiprolif-
erative effect. Moreover, our results confirmed the direct 
involvement of TBK1 in GBM pathophysiology, showing 
also a significantly decrease in TBK1 expression after 10 
µM BX795 treatment on primary GBM cell. In addition, 
we investigated IRF3 and IFN-g expression, two key pro-
teins phosphorylated by TBK129,49, demonstrating a sig-
nificantly reduction in their expression following BX795 
treatment. Many studies suggested also the involvement 
of SOX3 in tumorigenesis31,50; SOX3 acts as an oncogene 
by promoting cell proliferation, migration, and inva-
sion50. High levels of SOX3 expression were detected 
in a subset of primary glioblastoma samples compared 
to nontumoral brain tissues51. In GBM, SOX3 is able to 
promote cancer cell viability and metastasis diffusion51. 
Surprisingly, our results showed a significant reduction in 
SOX3 expression following BX795 treatment. 

In summary, the results of the present study demon-
strate the involvement of the TBK1/IKKe pathway in 
GBM pathophysiology. Furthermore, the obtained data 
offer new insight into the role of the NF-kB and IRF 
signaling pathways in GBM, showing that the use of the 
specific TBK1/IKKe inhibitor could represent a potential 
therapeutic treatment to counteract GBM growth, in which 
mortality is extremely high due to resistance to currently 
used therapies and the possible association of this inhibitor 
with the available chemotherapy to enhance its effects52.
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