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Abstract

Introduction: Glioblastoma is the most malignant astrocytoma, and the
efficacy of its therapy is not ideal. The Notch signaling pathway plays an
important role in tumor proliferation and invasion. Whether the small mole-
cule drug AT13148 can affect glioblastoma by regulating the Notch signaling
pathway is the focus of this study.

Material and methods: In vitro, the glioblastoma U87 cell line transfect-
ed with sh-ITGB1 (U87:"'T¢81) the U87 cell line transfected with oe-/ITGB1
(U87°¢1Te81) and the control group were treated with the small molecular
drug AT13148. RT-qPCR, western blot and clone formation ability assays
were used to detect the mRNA and protein expression of the ITGB1 and the
key gene NOTCH1, as well as the proliferation of cancer cells. Therapeutic
effects of AT13148 were examined in vivo using a nude mouse model of
U87 cells. After treatment with AT13148, volume of tumors was calculated,
and RT-qPCR and western blot were used to evaluate the mRNA and protein
expression of ITGB1 and NOTCH1.

Results: AT13148 inhibits the activity of U87 cells. Lentiviral transfection
of sh-ITGB1 and oe-ITGB1 can interfere with the expression of ITGBI in
U87 cells. AT13148 could down-regulate both the expression of ITGB1 and
NOTCH1. Moreover, AT13148 affects the cloning ability of U87 cells. AT13148
can also inhibit the proliferation of U87 cells. Furthermore, AT13148 inhibit-
ed the proliferation and invasion of transplanted tumors in vivo.
Conclusions: This study indicated that AT13148 could affect the expression
of ITGB1 and NOTCH1, which also could be a potential anti-glioblastoma
small molecule drug candidate in clinical medicine.

Key words: glioblastoma, small molecule drug, AT13148, Notch, /ITGB1,
NOTCH1.

Introduction

Gliomas originate from neuroepithelial tissues, most of which are
malignant [1]. Gliomas include astrocytoma, oligodendroglioma, ependy-
moma, mixed gliomas, and neuroepithelial tumors [2]. According to the
malignant degree of the tumors, the WHO classifies gliomas from grade
| (low proliferative capacity, low invasive astrocytoma and oligodendro-
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glioma) to grade IV (highly invasive, mitotic active,
necrotizing glioblastoma) [3]. For malignant glio-
ma, the preferred treatment is still surgical treat-
ment, which can achieve the total removal of tu-
mors within a controlled range [4]. When tumors
invade functional areas or conduction tracts, they
need to be operated on with the help of neuro-
navigation, functional magnetic resonance im-
aging, or even wake-up during the operation for
functional protection [5]. Regular radiotherapy
and chemotherapy are administered after the op-
eration. At present, the most commonly used che-
motherapeutic drug is temozolomide. The dosage
of temozolomide is related to the patient’s body
surface area, and there are differences between
the period of radiotherapy and after radiotherapy
[6]. Although many new techniques have been de-
veloped to improve the resection of glioblastoma,
the bioavailability and blood brain concentration
of temozolomide can reach a good state after the
operation, but for the overall prognosis of glio-
blastoma, there is no significant improvement.
The use of chemoradiation, immunotherapy, and
radio sensitizers as adjuvant therapy cannot re-
duce the high rates of recurrence within a few
months after treatment [7, 8]. After glioblastoma
diagnosis, in patients without treatment overall
survival is typically 3 months. A study reported
that the 10-year survival rate of glioblastoma was
only 0.71% [9]. In addition to actively improving
surgical techniques, scientists have also explored
new treatment methods from various aspects,
such as small molecule drugs, immunotherapy,
photodynamic therapy and so on, but the effect is
not satisfactory [10-12].

The Notch signaling pathway occurs widely in
vertebrates and invertebrates and is a highly con-
served signaling pathway. It plays a crucial role in
cell proliferation and apoptosis [13]. Astragaloside
IV (AS-IV) effectively reversed hypoxia-induced
pulmonary vascular remodeling and pulmonary
artery smooth muscle cell proliferation via the
Notch signaling pathway [14]. It has been report-
ed that Notch signaling pathway can not only
regulate cell proliferation and differentiation, but
also interact with other signaling pathways and
growth factors [15]. The crosstalk between Notch
and mitogen-activated protein kinase (MAPK)
pathway plays a role in MEK inhibitor resistance
in BRAFV600E metastatic melanoma and pro-
motes migration in GNAQQ209L uveal melanoma
(UM) cells [16]. A study confirmed that miR-223
can inhibit the expression of F-box and WD repeat
domain-containing7 (FBXW?7), and ultimately in-
crease the proliferation and apoptosis of colorec-
tal cancer cells through Notch and Atk/mTOR sig-
naling pathways [17]. The abnormal expression of
the Notch signaling pathway can lead to vascular

malformation in mice [18]. The Notch signaling
pathway has become a very important target in
cancer therapy. It has been found that activation
of the Notch signaling pathway is associated with
the development of glioblastoma [19]. The prolif-
eration and cloning ability of glioma stem cells
can be significantly enhanced by over-expression
of Notch1 intracellular domain (N/CD) [20]. The
most influential gene integrin Bl (/TGBI) was
previously identified by screening for genes that
changed after the Notch signaling pathway was
activated in glioma [21]. /TGB1 is a member of the
integrin family, which is formed by 18a and 88
transmembrane subunits. /TGB1 is a transmem-
brane receptor that mediates the connection be-
tween cells and their external environment [22]. It
can activate the PI3K/Akt pathway and p130cas/
JNK signal transduction pathway, and regulate cell
proliferation, invasion and migration [23].

AT13148 is a new oral competitive multi-target
kinase inhibitor of adenosine triphosphate (ATP).
It was found that AT13148 affected the phosphor-
ylation of rho-associated kinase (ROCK), protein
kinase B (PKB), p70S6K and protein kinase (PKA)
substrates, thus inducing apoptosis of cancer cells
[24]. Inhibition of recombinant glutamate cysteine
ligase modifier (GCLM) by AT13148 can improve
the prognosis of chemotherapy in glioma patients.
In previous research, we found that AT13148 was
closely associated with seven genes in the Notch
signaling pathway, including ITGB1 [21]. A previ-
ous study showed that Mega-ltghl modulated
angiogenesis upstream of Notch signaling [25].
Whether AT13148 can inhibit /TGB1 and further
regulate the Notch signaling pathway, thus affect-
ing the proliferation and invasion of glioblastoma,
needs more research. In this study, we aimed to
explore the regulatory action of AT13148 on ITGB1
and its effect on glioblastoma and provide some
ideas for clinical treatment of glioblastoma.

Material and methods
Cell line and culture

U87 human glioma cells were obtained from
the First Affiliated Hospital of the Naval Military
Medical University (Shanghai, China) and routine-
ly cultured in DMEM (Gibco, US) included with
10% fetal calf serum (Gibco, USA) and at 37°C in
an incubator (Jingsheng Instrument, China) with
a humidified atmosphere and 5% CO.,.

The culture medium was removed and PBS
was used to wash the cells for subculture. After
adding 0.25% trypsin, the cells were placed in an
incubator (Jingsheng Instrument, China) at 25°C
for 1 min. When there were free-floating cells, the
cell suspension was moved to a centrifugal tube
(AxyGen PCR-02-C, USA), and was centrifuged for
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3 min at 500 rpm (Eppendorf 5417R, Germany).
Samples with fresh culture medium were resus-
pended and counted, and then inoculated in a pe-
tri dish.

Optimum concentration of AT13148 assay

The U87 cell suspension (10 000 cells/100 ul/
well) was inoculated into a 96-well plate. The cul-
ture plate was placed in an incubator (Thermo
Forma, USA) for 24 h (37°C, 5% CO,). Different
concentrations of AT13148 (50 pM, 20 pM, 10 puM,
5 uM, 2 pM, 1 pM, 500 nM, 300 nM, 50 nM,
20 nM, 10 nM, control, Selleck, China) were put
in the 96-well plate with the U87 cell suspension
for 24 h. Then cells were incubated with 10 pl of
CCK-8 (Yeasen, China) in an incubator (Jingsheng
Instrument, China) for 4 h. Lastly, the absorbance
value (OD) at 450 nm wavelength was measured
by an enzyme-labeled instrument (Bio-tek, USA).
Cell viability was quantified with the following for-
mula: (ODexp — ODblank)/(OD, - 0D, _) x 100%.
Each sample was measured three times and each
sample had three biological replicates. AT13148
(water insoluble, 313.78, C,_H, CIN,0) was pur-
chased from MedChemExpress (USA) with purity
of 99.54%.

Lentivirus packaging and transfection

The DNA-Lipofectamine 2000 complex was
prepared according to the Lipofectamine 2000
protocol [26]. The medium of U87 cell suspension
was removed, and we added 2 mL of lentivirus
medium with DMEM and 10% thermally inactivat-
ed fetal bovine serum (HI-BS) for 48 h. After that
operation, the U87 cells were transferred to medi-
um with DMEM, 10% HI-FBS, 1% penicillin/strep-
tomycin (P/S) and 0.5 mg/MI. U87 was cultured
in the medium without antibiotics until the den-
sity reached 30%. The 293T cells were transfect-
ed by an overexpression plasmid (oe-ITGB1) and
an interference expression plasmid (sh-ITGB1).
Inclusion of the green fluorescent protein (GFP)
gene in the vector smooths the tracking of any
transduction in subsequent experiments (Sup-
plementary Figure S1). Viruses made from 293T
cell were collected, and filtered by 0.5 um microp-
orous membrane; 1 ml of lentivirus medium and
1 ml of virus solution were added to U87 cells in
the presence of 4 ug/ml polybrene. Then the cells
were transferred to the objective cell culture me-

Table I. Primer sequences for gRT-PCR

dium containing DMEM and 10% FBS without an-
tibiotic. The expression of GFP was detected by
fluorescence microscope (CKX41; Olympus, Tokyo,
Japan) after transfection of oe-ITGB1 empty vec-
tor, oe-ITGB1 vector, sh-ITGB1 empty vector and
sh-ITGB1 vector for 72 hours in order to determine
the transfection efficiency.

RNA extraction and gRT-PCR

RNA was isolated from cells or tumor tissues us-
ing Trizol (Invitrogen, USA) following the manufac-
turer’s protocol. The isolated RNA was transcribed
into cDNA using the PrimeScript RT Reagent Kit
with gDNA Eraser (Takara, Japan). The 20 pl reac-
tion system consisted of 10 pl of genomic DNA re-
moval solution, 1 pl of PrimeScript RT Enzyme Mix I,
1 plof RT Primer Mix, 4 pl of 5 x PrimeScript Buffer 2,
and 4 pl of RNase Free dH,0. The reverse tran-
scription conditions performed on the Eppendorf
Mastercycler X50a (Eppendorf, Germany) were as
follows: 37°C for 15 min, 85°C for 5 s, and 4°C for
15 min. All primers used in this study are listed
in Table I. In this study, all the primers were syn-
thesized by Sangon Biotech, Shanghai, China. gRT-
PCR was performed using SYBR Primer Ex Taqg IT
(Takara, Japan) on a ViiA 7 system (Applied Biosys-
tems, USA) and the operation process was carried
out according to the manufacturer’s protocol. The
20 pl reaction system consisted of 10 pl of SYBR
Premix Ex Tag, 0.4 pl of ROX Reference Dye I,
0.8 ul of forward primer and reverse primer, 4 ul of
cDNA, and 4 pl of ddH,0.

The reaction consisted of 40 cycles and the
procedure was as follows: 95°C for 30 s, 95°C for
5 min, 60°C for 34 s, 95°C for 15 s, 60°C for 1 min,
and 95°C for 15 s. Each group consisted of three
biological replicates with three technical replicates
per sample. GAPDH was used for normalizing dif-
ferent samples as an internal control. The calcu-
lation formula is as follows: AACT = ACT(target
gene) — ACT(reference gene).

Western blot assay

Cell lysates were prepared using RIPA buffer
(Santa Cruz Biotechnology). After centrifugation
at 12 000 rpm at 4°C for 20 min, supernatants
were collected and protein concentrations were
determined by the DC Protein Assay Kit (Bio-Rad
Laboratories). Cell protein lysates were separated
for 70 min by 15%, 10% and 5% SDS-PAGE with

Gene Forward (5'-3') Reverse (5(ver))
ITGB1 CCTTGGGATGACTTGATTG CCTTTGCTACGGTTGGTTACAT
NOTCH1 GAGGCGTGGCAGACTATGC CTTGTACTCCGTCAGCGTGA
GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATG
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80V, and then transferred onto the polyvinylidene
fluoride (PVDF) membranes (Immobilon; Millipore,
Bedford, MA, USA) using a semidry system for 1 h
at 300 mA. Polyvinylidene difluoride membranes
were blocked with 5% skim milk (Wako Pure
Chemical Industries, Osaka, Japan) in phosphate
buffer saline (PBS) at 25°C for 1 h. Then they were
incubated with the primary antibodies, diluted in
5% skim milk at 37°C for 2 h. The membrane was
washed and incubated with the following prima-
ry antibodies: NOTCH 1 (Affinity, AF5307, 1:500),
ITGB1 (Affinity, BFO036, 1:500), GAPDH (Abcam,
ab8245, 1:1000). Secondary antibodies used were
Goat anti Rabbit 1gG (H+L) HRP (50001, 1:10000)
and Goat anti-Mouse 1gG (H + L) CY3-conjugated
(50012, 1:100). After the washing operation, en-
hanced chemiluminescence assays (NEN Life Sci-
ence Products, Boston, MA, USA) were performed,
and all the positive bands were identified on Fuji
Medical X-ray film.

Colony formation assay

The cells were suspended in complete growth
medium with 0.3% low-melting agarose, then cells
were transferred into solidified 0.6% agarose in
six-well culture plates (2 x 10* cells). The medium
was changed every three days. Two weeks after
incubation, using the Omnicon 3600 image analy-
sis system the numbers of colonies was counted.
The colonies were stained using a 0.04% crystal
violet solution for 2 h and visualized. Each group
consisted of three biological replicates.

Xenograft tumor in nude mice

All the experiments performed in this study
were approved by the Experimental Animal Ethics
Committee at the Second Military Medical Uni-
versity (Shanghai, China). Pathogen-free, female,
4-week-old BALB/c-nu (nude) mice were purchased
from Charles River Laboratories (Wilmington, MA,
USA). To analyze the effect of AT13148 on tumor
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cells, U87 cells (6 x 10°) were injected into the
mice. After 3 weeks of feeding, the mice with tu-
mors were randomly divided into a control group
and an experimental group with 6 mice in each
group. The mice in the experimental group were
given 45 mg/kg/day AT13148, while the mice in
the control group were given 45 mg/kg/day phys-
iological saline. After 12 days, animals were sacri-
ficed as per institutional guidelines. Body weight
and tumor volume were measured over the whole
time of the experiment every 3 days. Volumes of
the tumor were measured with the equation: vol-
ume = (length x width x height/2).

Immunohistochemical assay

For immunohistochemical staining, slides were
created from paraffin-embedded murine speci-
mens. Each group contained six slices. The slices
were immersed in xylene for 15 min, then dehy-
drated in ethanol and washed with PBS. Antigen
repair was carried out according to the instruc-
tions of the primary antibody manufacturer. The
primary antibodies of NOTCH 1 (Affinity, AF5307,
1:500) and ITGB1 (Affinity, BFO036, 1:500) were
used to incubate slides, for 12 h at 4°C and 1 h
at 25°C. Following a washing step, all slides were
incubated with secondary antibodies in blocking
solution for 1 h at room temperature. After PBS
was removed, DAB was added to the slices and
incubated for 10 min.

Distilled water was used to wash the slices,
and then hematoxylin was used for re-staining.
The slides were assessed under a microscope
(BX51M, OLYMPUS, Tokyo, Japan).

Statistical analysis

All data in this study were analyzed by SPSS ver-
sion 20.0. Two-tailed Student’s t-test was used to
do the significance analysis. Error bars represent
the error of the mean (+ SD). For whole analyses,
the value of p < 0.05 was deemed as significant.

B
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0.5

Relative viability of U87 cells

0 T
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Figure 1. Relative viability of U87 cells. A — Relationship between AT13148 concentration and U87 cell viability.
B — Relative viability of U87 cells in control group and AT13148 treatment group, ***p < 0.001
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Results
AT13148 inhibits the activity of U87 cells

We used a CCK-8 kit to measure proliferation
of U87 cells treated with different concentrations
of AT13148. According to the concentration curve
(Figure 1 A), the IC,  concentration of AT13148 was
3.4 uM. We treated U87 cells with 3.4 uM AT13148,
and found that compared with the control group,
the relative viability of the AT13148 group was in-
hibited by 54% (p < 0.001, Figure 1 B).

A 0e-ITGB1 empty vector

sh-ITGB1 empty vector

B

15

104

Relative expression level of ITGB1

*

Control sh-ITGB1

oe-ITGB1

Lentivirus transfection of sh-ITGB1
and oe-ITGB1 can interfere with the
expression of ITGB1 in the U87 cell line

Transfection efficiency was determined by flu-
orescence microscopy, and the result indicated
that the transfection efficiency of sh-ITGB1 and
oe-ITGB1 viruses was high, and the viruses could
be used in the further experiments (Figure 2 A). As
shown in Figure 2 B, the relative expression level
of ITGB1 in the sh-ITGB1 group was significantly

oe-ITGB1

sh-ITGB1

sh-ITGB1

Control

oe-ITGB1

ITGB1

Figure 2. Transfection of U87 cells with lentivirus for overexpressed (oe-ITGB1) and interference expressed ITGB1
(sh-ITGB1). A — Transfection efficiency of lentivirus in the oe-ITGB1 with empty vector, oe-ITGB1, sh-ITGB1 with
empty vector, and sh-/TGB1 was detected by fluorescence microscope. B — Relative expression level of /TGB1 in
the control, sh-ITGB1, and oe-ITGB1 group. C — Relative protein expression level of ITGB1 in the control, sh-ITGB1,

and oe-ITGB1 group
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lower than that in the control group (p < 0.05),
while it was higher in the oe-ITGB1 group (p <
0.05). After transfection of U87 cells with len-
tivirus, the expression of ITGB1 protein in the
experimental group and control group changed
(Figure 2 Q). Therefore, lentiviral transfection of
sh-ITGB1 and oe-ITGB1 can interfere with the ex-
pression of ITGB1 in U87 cells.

AT13148 regulates both ITGB1 and NOTCH1

U87, U879 gnd U87"TeB1  cells were
treated with AT13148 with the concentration
IC,,- The relative expression level of /TGBI in
U870eTeBL - Jg7°mTeBl and the U87 group treated
with AT13148 was significantly lower than that
in the control group (p < 0.05) after 48 h culture
(Figure 3 A). The expression of the gene ITGBI
in U87°MTC8! cells treated with AT13148 was the
lowest. From the results of western blot, we can
see that the protein expression of ITGB1 in each
experimental group decreased to varying degrees
compared with that in the control group (Fig-
ure 3 C). All the results showed that AT13148 had
a regulatory effect on ITGB1.

The same research method was used to study
the effect of AT13148 on NOTCH1. As shown in
Figure 3 B, after treatment with AT13148, the ex-
pression of NOTCH1 was significantly decreased
in the U87"TB1 cells and U87 cells compared

>

0.5

Relative expression level of ITGB1

with that in the control group (p < 0.05). Fig-
ure 3 D shows that AT13148 also affected the pro-
tein expression of NOTCH1.

AT13148 inhibits the clone formation
ability of U87 cells

To test whether AT13148 had an effect on the
proliferation of glioblastoma cells, colony forma-
tion assay was carried out (Figure 4) in the U87
cells. After treatment with AT13148, the number
of clones in the U87 group was significantly lower
than that in the control group without AT13148
(p < 0.05). There was no significant difference in
the number of clones between the U87°'T%8! after
being treated with AT13148 and the control group
(p > 0.05), while the number of clones in the group
of U87°"TCB! after being treated with AT13148 was
significantly lower than that in the control group
(p < 0.05).

AT13148 affects the volume of tumors
in nude mice

In this study, the nude mouse model of glio-
blastoma U87 was established by subcutaneous
injection. Twelve mice were successfully modeled
(Figures 5 A, B). During AT13148 treatment, there
was no significant difference in the body weight of
nude mice between the experimental group and
the control group (p > 0.05), and it ranged from

o)

—
[}

=
o
1

o
1%
1
*

Relative expression level of NOTCH1

0~ 0- T
Control Ug7shmest 4 yg70e-TeB! 4 us7 + Control U87sITeBl Jg70e-Teh1 4 us7 +
AT13148 AT13148 AT13148 AT13148  AT13148 AT13148
C D
ITGB1 - — -- NOTCH1 --- ——
Control Ug7shmeBl 4 yg70e-TeB1 4 us7 + Control Ug7snITeBl yg7oe-Tehl 4 us7 +
AT13148 AT13148 AT13148 AT13148 AT13148 AT13148
Figure 3. Relative expression of ITGB1 and NOTCHI. A, B — Relative expression level of ITGBI and NOTCH1 in the
control, U87°¢T%8! + AT13148, U87°MTCE! + AT13148, and U87 + AT13148 group. C, D — Relative protein expression
level of ITGB1 and NOTCH1 in the control, U87°1T81 + AT13148, U87°"T%8! + AT13148, and U87+AT13148 group,
*p <0.05
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19 to 22 g (Figure 5 C). During the whole period
of treatment, the tumor volume of mice in the
AT13148 group was significantly lower than that
in the control group at the 6", 9% and 12% day
(p < 0.05) (Figure 5 D).

AT13148 affects the expression of ITGB1
and NOTCH1 in tumor tissues

We extracted the RNA and protein of tumor
tissue to verify whether AT13148 can affect the
expression of ITGB1 and NOTCH1 in vivo. The re-
sults of gRT-PCR indicated that, compared with
that in the control group, the expression of ITGB1
and NOTCH1 genes in transplanted tumors de-
creased by 90% and 74%, respectively (p < 0.05)
(Figure 6 A. The protein expressions of ITGB1 and
NOTCH1 were also inhibited (Figure 6 B). Immu-
nohistochemical results suggested that ITGB1
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Figure 4. Number of colonies in the control, U87°¢T¢E1
+AT13148, U875"Te81 + AT13148, and U87 + AT13148
group, *p < 0.05
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Figure 5. AT13148 affects the volume of tumors in nude mice. A, B — Nude mice with U87 xenograft tumor. The
upper row consists of control group mice and the lower row consists of experimental group mice. C — Weight of

mice. D — Tumor volume
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Figure 6. AT13148 regulates the expression of ITGB1 and NOTCH1 in the tumor. A — Relative expression levels of
ITGB1 and NOTCH1 in different groups. B — Relative protein expression levels of ITGB1 and NOTCH1 in different
groups. C, D — Immunohistochemical detection of ITGB1 and NOTCH1 in different groups, *p < 0.05

and NOTCH1 were mainly expressed in the control
group (Figures 6 C, D).

Discussion

Glioblastoma is a primary malignant glioma,
which seriously threatens the life of patients. This
study revealed that AT13148 could not only reg-
ulate the expression of ITGB1 and NOTCH1 but
could also inhibit the growth of glioblastoma.

It has recently been shown that /TGB1I is in-
volved in numerous processes including migra-
tion [27], cell proliferation [28], and invasion [27].

ITGB1 is involved in urokinase plasminogen ac-
tivator-mediated angiogenesis through the uro-
kinase plasminogen activator receptor (PLAUR)
[29, 30]. A study previously reported that ITGB1
can promote proliferation of glioma cells via
feedback regulation of the Notch signaling path-
way [31]. This study revealed that AT13148 could
downregulate the expression of ITGB1 and inhibit
AT13148, a multi-AGC kinase and ATP-competi-
tive inhibitor. The AGC kinase family is important
in cell proliferation and survival. AGC activity was
significantly reduced in HGC27 tumors treated
with AT13148. AT13148 as the target of AGC ki-
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nase showed good anti-gastric cancer activity in
vitro and in vivo [32]. AGC kinase may play a simi-
lar role in this study. The study demonstrated that
AT13148 has antiproliferative activity in a series
of in vitro models harboring applicable genetic ab-
normalities, incorporating the gene of phosphate
and tension homology deleted on chromosome
ten (PTEN), Kirsten rat sarcoma viral oncogene
(KRAS),  phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit alpha (PIK3CA) and hu-
man epidermal growth factor receptor 2 (HER2)
aberrations. AT13148 caused substantial block-
ade of protein kinase B (PKB), p70S6K, protein
kinase A (PKA), ROCK and SGK substrate phos-
phorylation. AT13148 also caused apoptosis in
a time-dependent and concentration manner in
tumor cells with clinically related genetic deficien-
cy [33]. BT474 and PC3 cells treated with AT13148
affect the metabolites of gene proteins related to
nitric oxide synthase (NOS) [34]. Activated Notch
tumorigenesis was fueled by hampering the im-
mune response or by NOS overexpression to mim-
ic a pro-tumorigenic environment [35]. This sug-
gests that AT13148 may affect the Notch signaling
pathway by affecting NOS, which is also our future
line of inquiry.

Due to the existence of the blood-brain barrier
(BBB) and blood-brain tumor barrier (BBTB), most
chemotherapeutic drugs can not directly reach the
tumor site, which reduces the therapeutic effect of
glioblastoma [36]. In this study, although the op-
timal concentration of AT13148 in U87 cells was
determined according to the CCK-8 assay, an in
vivo experiment must be considered in the future.
It is an important project to improve the permea-
bility of AT13148 to BBB/BBTB for future in vivo
research. Research has suggested that the active
efflux of BBB/BBTB can be overcome by modify-
ing the structure of candidate drugs and inhibiting
the active efflux transport receptors. For instance,
the small drug paclitaxel acquires increased BBB/
BBTB permeability by covalent conjugation of
N-docosahexaenoic acid [37]. Another perspective
mainly includes a series of technologies to open or
block the BBB/BBTB, such as focused ultrasound,
radio-frequency microwaves, and laser interstitial
thermotherapy [36].

In summary, the small molecule drug AT13148
regulates the expression of ITGB1 and NOTCH1 in
the Notch pathway. In vivo experiments prove that
it can affect the volume of tumors in nude mice.
Our data suggested that AT13148 may serve as
a potential anti-glioblastoma small molecule drug
candidate in clinical medicine.
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