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AZD3759 inhibits glioma through the blockade of the epidermal growth factor 
receptor and Janus kinase pathways
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ABSTRACT
Glioma is an intracranial malignant tumor with high morbidity in China. Limited efficacy has been 
achieved in the treatment of glioma through the application of epidermal growth factor receptor 
(EGFR) inhibitors, which is reported to be related to the poor permeability of the brain–blood 
barrier (BBB) to EGFR inhibitors. AZD3759 and osimertinib are both BBB-penetrating EGFR inhibi-
tors. The present study aimed to investigate the inhibitory effects of AZD3759 and osimertinib on 
glioma and compare their efficacy and the underlying mechanisms. C6 and U87 cells were 
incubated with different concentrations of AZD3759 (1, 2, and 4 μM) and 4 μM osimertinib, 
respectively. C6-LUC xenograft animals were administered different doses of AZD3759 (15, 30, 
and 60 mg/kg) and 60 mg/kg osimertinib. We found that proliferation was significantly sup-
pressed and that apoptosis and cell cycle arrest were dramatically induced in both C6 and U87 
cells by AZD3759 in a dose-dependent manner. Compared to AZD3759, osimertinib had inferior 
effects on proliferation, apoptosis, and cell cycle. In vivo experiments verified that the anti-tumor 
efficacy of AZD3759 against C6 xenograft tumors was dose dependent and superior to that of 
osimertinib. The inhibitory effects of AZD3759 on the Janus kinase (JAK)/STAT pathway were 
observed in both glioma cells and tumor tissues, which were more significant than those of 
osimertinib. In conclusion, AZD3759 may inhibit the progression of glioma via a synergistic 
blockade of the EGFR and JAK/STAT signaling pathways.
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Introduction

Glioma is a type of malignant tumor commonly 
observed in the Department of Neurosurgery, and 
the average annual morbidity of glioma in China is 
approximately 0.003%–0.008%, which is mainly 
induced by the synergic actions of congenital genetic 
risk factors and environmental carcinogenic factors 
[1]. In the clinic, the main characteristics of glioma 
include seizures, headaches, and blurred vision, 
which significantly affect the normal life of patients 
with glioma [2]. Currently, excision of tumors to 
a maximum extent with chemotherapy is the stan-
dard therapy for the treatment of clinical glioma. 
However, due to its invasive and infiltrative growth, 
the total resection rate is low and significant resis-
tance to radiotherapy and chemotherapy is observed 
in the remaining tumor tissues [3]. Therefore, the 
development of blood–brain barrier (BBB)- 
penetrative targeted agents for the treatment of 
glioma is urgently needed.

Owing to the development of molecular oncol-
ogy, novel targeted therapies for the treatment of 
glioma have been developed, among which the 
epidermal growth factor receptor (EGFR) is an 
important target. The EGFR is a transmembrane 
receptor tyrosine kinase (RTK) that is critical for 
normal cellular function and is significantly upre-
gulated in malignant tumor cells [4,5]. EGFRs are 
highly expressed in tumor tissues of patients with 
glioma, and 20%–30% patients carry the EGFR 
VIII mutant gene, which is the mutant tumor 
gene commonly observed in glioma [6,7]. 
Persistent activation of RTK can be induced by 
EGFR VIII mutations [8]. Although multiple new 
drugs targeting EGFR have been approved for 
phase I and II clinical trials, higher efficacies 
than that of temozolomide have been rarely 
reported [9]. The main factors responsible for the 
low efficacy include the heterogeneity of EGFR 
molecules and glioma tissues [10], complication 
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of EGFR downstream signaling pathways [11], and 
difficulty of EGFR antagonists to pass through the 
BBB [12]. Therefore, molecules with high selectiv-
ity to EGFR mutant genes and high penetration 
through the BBB may be effective for the treat-
ment of glioma.

AZD3759, a reformatted EGFR-TKI of gefiti-
nib, has been shown to pass through the BBB to 
enter the central nervous system [13]. The penetr-
ability of AZD3759 through the BBB is higher 
than that of erbtinib and gefitinib. In a previous 
study, the growth of intracranial tumors in a brain 
metastasis mouse model was significantly inhib-
ited by treatment with AZD3759, which was 
accompanied by a prolonged survival in mice 
[14]. In addition, clinical trials have shown higher 
concentrations of AZD3759 in the central nervous 
system and its promising anti-tumor efficacy [15]. 
We hypothesized that AZD3759 inhibits the devel-
opment of glioma by repressing the EGFR and 
JAK pathways. In the present study, the anti- 
tumor efficacy of AZD3759 against glioma and 
its underlying mechanism was investigated to pro-
vide more clinical evidence for the application of 
AZD3759 for the treatment of patients with 
glioma and EGFR-sensitive mutations in the 
clinic.

Materials and methods

Cells and agents

The C6 rat glioma cell line, U87 human glioma cell 
line, and luciferase labeled C6 cells (C6-LUC) were 
purchased from ATCC (Maryland, USA). They 
were cultured in Dulbecco’s modified Eagle med-
ium supplemented with 10% fetal bovine serum at 
5% CO2 and 37°C. Osimertinib and AZD3759 
were purchased from AbMole (Texas, USA). 
Osimertinib and AZD3759 stock solutions were 
prepared in dimethyl sulfoxide, which was diluted 
in serum-free culture medium before being intro-
duced in in vitro assays. For in vivo experiments, 
a vehicle (0.5% methylcellulose [w/v] and 0.4% 
Tween 80 [v/v] in sterile water) was used to dis-
solve osimertinib and AZD3759 for oral adminis-
tration to animals.

Clonogenic assay[16]

C6 cells or U87 cells were seeded on six-well 
plates and treated with osimertinib (4 μM) or 
AZD3759 (1, 2, and 4 μM) for 10–14 consecu-
tive days until macroscopic clones were 
observed. Cells were stained with 0.5% crystal 
violet (Sigma, Missouri, USA) in 10% methanol 
for 30 min, which was followed by counting of 
colonies with >50 cells. The surviving fraction 
was calculated at each concentration by divid-
ing the total number of colonies after treatment 
by the number of colonies without treatment.

Flow cytometry for the analysis of apoptosis[17]

C6 cells or U87 cells were seeded on six-well plates 
at a density of 2 × 105 cells/well and treated with 
osimertinib (4 μM) or AZD3759 (1, 2, and 4 μM) 
for 24 h, followed by resuspension in 500 μL 
annexin V binding buffer containing 5 μL PI and 
5 μL annexin V-FITC. This was followed by flow 
cytometry (BD, New Jersey, USA) to determine 
the apoptotic rate in each group.

Flow cytometry for the analysis of cell cycle[18]

C6 cells, U87 cells, or C6-LUC cells were seeded 
on six-well plates at a density of 2 × 105 cells/well 
and treated with osimertinib (4 μM) or AZD3759 
(1, 2, and 4 μM) for 24 h. This was followed by 
centrifugation at 750 × g for 5 min and three 
washes with phosphate-buffered saline buffer. 
Subsequently, the cells were counted and fixed in 
70% ice-cold ethanol overnight at 4°C. After cen-
trifugation at 1200 × g for 5 min, the cells were 
resuspended and stained with 50 μg/mL PI and 
50 μg/mL RNase at 37°C for 30 min. Finally, cell 
cycle analysis was performed using flow cytometry 
(BD, New Jersey, USA).

Western blotting assay

Total protein was obtained from cells or tissues 
using a lysis buffer (Cell Signaling Technology, 
California, USA), and protein levels were quanti-
fied using the BCA kit (Shanghai Ze Ye 
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Biotechnology Co., Ltd, Shanghai, China). 
Subsequently, approximately 30 μg of protein was 
loaded and separated by 12% sodium dodecyl sul-
fate–polyacrylamide gel electrophoresis. The pro-
teins were then transferred to a polyvinylidene 
fluoride membrane (Millipore, Massachusetts, 
USA), followed by incubation with 5% bovine 
serum albumin and incubation with the primary 
antibodies against JAK1 (1:800, Invitrogen, 
Massachusetts, USA), p-JAK1 (1:800, Invitrogen, 
Massachusetts, USA), JAK2 (1:800, Invitrogen, 
Massachusetts, USA), p-JAK1 (1:800, Invitrogen, 
Massachusetts, USA), STAT3 (1:800, Invitrogen, 
Massachusetts, USA), p-STAT3 (1:800, Invitrogen, 
Massachusetts, USA), STAT5 (1:800, Invitrogen, 
Massachusetts, USA), p-STAT5 (1:800, Invitrogen, 
Massachusetts, USA), and GAPDH (1:800, 
Invitrogen, Massachusetts, USA). Subsequently, 
the membranes were incubated with a secondary 
antibody (1:2000; Invitrogen, Massachusetts, USA). 
Finally, enhanced chemiluminescence (Invitrogen, 
Massachusetts, USA) was used for the visualization 
of bands, followed by quantification using the 
ImageJ software (National Institutes of Health, 
USA) [19].

Detection of luciferin activity in C6-LUC cells[20]

C6-LUC cells in the logarithmic phase were seeded 
on 96-well plates with different cell numbers 
(4 × 104, 2 × 104, l × 104, 5000, 2500, 1250, 625, 
312, and 156). A blank medium was used as 
a negative control. After incubation for 24 h, the 
substrate of luciferase was added at a concentration 
of 150 μg/mL, and the IVIS spectrum system 
(PerkinElmer, Massachusetts, USA) was used to 
detect the activity of luciferin immediately.

CCK-8 assay[21]

Briefly, C6-LUC cells were mixed with a 10-µL 
CCK-8 solution and incubated at 37°C for 2 h. 
The absorbance at 450 nm was then measured 
using a microplate reader (J&H technology Co., 
Ltd, Jiangsu, China) to determine cell viability.

Establishment of animal models[20]

Approximately 7–8-week-old imprinting control 
region male mice were purchased from Charles 
River Laboratories (Beijing, China) and adapted in 
our laboratory for 2 weeks. C6-LUC cells were 
collected and washed with Hank’s solution. The 
concentration of C6 cells used for planting was set 
at 1.0 × 106/15 μL/animal. Mice were intraperito-
neally injected with 5% chloral hydrate and fixed on 
a brain stereotaxic apparatus. The skin on the right 
forehead was prepared and sterilized with 75% 
ethanol, and a vertical incision was made on the 
scalp along the bregma to expose the skull. The 
skull was then drilled 0.4 mm anterior to the cor-
onal suture and 2 mm to the right of the sagittal 
suture. The tip of the needle was vertically and 
slowly inserted 3.0 mm beneath the endocranium 
along the hole to gradually inject C6-LUC cells into 
the brain. The needle was removed 1 min after 
injection, and the hole was closed with bone wax. 
Lastly, the incision was stitched, the skin was ster-
ilized, and penicillin was injected intramuscularly.

In vivo grouping

When the intracranial fluorescent signal in animals 
was >5 × 106 photons/s, mice were treated with 
different strategies. The mice were divided into the 
following five groups: control (mice implanted with 
C6-LUC cells that were administered vehicle), 
15 mg/kg/day AZD3759 (mice implanted with C6- 
LUC cells that were administered 15 mg/kg/day 
AZD3759), 30 mg/kg/day AZD3759 (mice 
implanted with C6-LUC cells that were administered 
30 mg/kg/day AZD3759), 60 mg/kg/day AZD3759 
(mice implanted with C6-LUC cells that were admi-
nistered 60 mg/kg/day AZD3759), and 25 mg/kg/day 
osimertinib (mice implanted with C6-LUC cells that 
were administered 25 mg/kg/day osimertinib). The 
treatment duration for all groups was 3 weeks. 
Tumor growth was monitored by measuring biolu-
minescence signals at 1 week and 3 weeks after 
planting. Tumors were isolated from sacrificed ani-
mals at the end of the experiments, and tumor 
volumes were calculated by measuring the length 
and width of the tumors.
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Statistical analysis

Data were analyzed using the GraphPad software 
and are presented as mean ± standard deviation. 
The t-test was used to compare two independent 
data, and the data among groups were compared 
using one-way analysis of variance. A p-value of 
<0.05 was considered to indicate a significant 
difference.

Results

We hypothesized that development of glioma is 
repressed by AZD3759 through the inhibition of 
the EGFR and JAK pathways. The present study 
aimed to investigate the anti-tumor efficacy of 
AZD3759 against glioma and determine its under-
lying mechanism to provide more clinical evidence 
for the application of AZD3759 for the treatment 
of patients with glioma and EGFR-sensitive muta-
tions in clinical settings. We first evaluated the 
inhibitory effects of AZD3759 on the proliferation 
of glioma cells and the evaluated of the regulatory 
effects of AZD3759 on the EGFR and JAK path-
ways in glioma cells. Subsequently, C6-LUC cells 
were established and implanted into nude mice, 
followed by treatment with AZD3759 and osimer-
tinib. The growth of glioma cells in nude mice was 
monitored. Lastly, the effects of AZD3759 and 
osimertinib on the EGFR and JAK pathways in 
tumor-bearing mice were confirmed.

AZD3759 suppressed proliferation and induced 
apoptosis in glioma cells

To explore the inhibitory effect of AZD3759 on 
the growth of glioma cells, the proliferation and 
apoptosis of both murine and human glioma cells 
were analyzed after treatment with different con-
centrations of AZD3759 or 4 μM osimertinib. As 
shown in Figure 1a, compared to the control treat-
ment, treatment with AZD3759 significantly 
declined the survival fraction in C6 cells and U87 
cells in a dose-dependent manner (*p < 0.05 vs. 
control, **p < 0.01 vs. control). Compared to the 
4 μM AZD3759 group, the 4 μM osimertinib 
group had a significantly higher survival fraction 
in the (#p < 0.05 vs. 4 μM AZD3759). In addition, 
compared to control treatment, treatment with 

1 μM, 2 μM, and 4 μM AZD3759 dramatically 
increased the apoptotic rate (Figure 1b) from 
8.47% to 9.95%, 12.24%, and 19.29%, respectively, 
in C6 cells and 6.97% to 8.73%, 9.67%, and 
18.23%, respectively, in U87 cells (*p < 0.05 vs. 
control, **p < 0.01 vs. control). In both C6 and 
U87 cells, the apoptotic rate was significantly 
lower in the 4 μM osimertinib group than in the 
4 μM AZD3759 group (#p < 0.05 vs. 4 μM 
AZD3759).

As shown in Figure 1b, the cell fraction at the 
G0/G1 phase was significantly elevated from 
53.84% to 60.77%, 67.37%, and 75.21% in C6 
cells and increased from 55.34% to 61.07%, 
66.66%, and 73.3% in U87 cells after incubation 
with 1 μM, 2 μM, and 4 μM AZD3759, respec-
tively, compared to those after control treatment 
(*p < 0.05 vs. control, **p < 0.01 vs. control). In 
both C6 and U87 cells, compared to the 4 μM 
AZD3759 group, the 4 μM osimertinib group had 
a significantly lower cell fraction at the G0/G1 
phase (#p < 0.05 vs. 4 μM AZD3759).

AZD3759 inhibited the EGFR and JAK/STAT 
signaling pathways in glioma cells

We first examined the effects of AZD3759 on the 
EGFR pathway. As shown in Figure 2, in both C6 
cells and U87 cells, the expression levels of 
p-EGFR/EGFR and p-AKT/AKT were dramati-
cally repressed by treatment with AZD3759 in 
a dose-dependent manner compared to those by 
control treatment (*p < 0.05 vs. control, **p < 0.01 
vs. control). Compared to the 4 μM AZD3759 
group, the 4 μM osimertinib group had a signifi-
cantly higher expression of p-EGFR/EGFR and 
p-AKT/AKT (##p < 0.01 vs. 4 μM AZD3759). 
Furthermore, we suspected that the inhibitory 
effect of AZD3759 on the growth of glioma cells 
was associated with the inhibition of JAK signal-
ing. As shown in Figure 2, in both C6 cells and 
U87 cells, p-JAK1/JAK1, p-JAK2/JAK2, p-STAT3/ 
STAT3, and p-STAT5/STAT5 were significantly 
downregulated by the introduction of 2 μM and 
4 μM AZD3759 (*p < 0.05 vs. control, **p < 0.01 
vs. control). However, compared to the 4 μM 
AZD3759 group, the 4 μM osimertinib group had 
a significantly higher expression of p-JAK1/JAK1, 
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p-JAK2/JAK2, p-STAT3/STAT3, and p-STAT5/ 
STAT5 (##p < 0.01 vs. 4 μM AZD3759). These 
data indicated that AZD3759 had a superior inhi-
bitory effect on the JAK/STAT signal pathway 
than osimertinib.

Luciferase activity was positively correlated with 
the number of C6-LUC cells

We further explored the inhibitory effects of 
AZD3759 on the growth of glioma cells by mon-
itoring the activity of luciferin in C6-LUC- 

Figure 1. Proliferation is suppressed and apoptosis is induced by AZD3759 in glioma cells. a. The clonogenic assay used to determine 
the proliferation ability of cells. b. The apoptotic rate of treated glioma cells detected by flow cytometry. The Q2 + Q3 flow 
cytometry gates are used for the calculation of apoptotic rate. c. The cell cycle of treated glioma cells detected by flow cytometry 
(*p < 0.05 vs. control, **p < 0.01 vs. control, #p < 0.05 vs. 4 μM AZD3759).
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implanted mice. To confirm whether the activity 
of luciferin could be used as an indicator for the 
proliferation of C6-LUC cells in in vivo experi-
ments, the correlation between the activity of 
luciferin and the number of C6-LUC cells was 
determined. Only C6 murine glioma cells were 
used in subsequent in vivo experiments. Firstly, 
as shown in Figure 3a, compared to C6-wild- 
type (WT) cells, C6-LUC cells had 
a significantly elevated luciferin activity 

(**p < 0.01 vs. C6-WT). A linear correlation 
between photons and the number of cells was 
observed (Figure 3b), with an R2 value of 0.9954. 
In addition, no significant difference was 
observed in the OD values detected by the 
CCK-8 assay and in the G0/G1 cell fraction 
detected by flow cytometry between the C6-WT 
and C6-LUC cells, indicating that the prolifera-
tion and cell cycle of C6 cells were not affected 
by the transfection of luciferase.

Figure 2. The EGFR and JAK/STAT pathways in glioma cells are inhibited by AZD3759. a. The expression levels of JAK1, p-JAK1, JAK2, 
p-JAK2, STAT3, p-STAT3, STAT5, p-STAT5, EGFR, p-EGFR, AKT, and p-AKT in C6 cells detected using western blot assay. b. The 
expression levels of JAK1, p-JAK1, JAK2, p-JAK2, STAT3, p-STAT3, STAT5, p-STAT5, EGFR, p-EGFR, AKT, and p-AKT in U87 cells 
detected using western blot assay (*p < 0.05 vs. control, **p < 0.01 vs. control, ##p < 0.01 vs. 4 μM AZD3759).
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AZD3759 inhibited the growth of C6 cells in 
xenograft mice

After confirmation of the positive correlation 
between the activity of luciferin and the number of 
C6-LUC cells, C6-LUC cells were implanted into 
the brain of mice to establish a xenograft animal 
model. As shown in Figure 4a and B, no significant 
difference in the average luciferin signal was 
observed in any of the groups 1 week after treat-
ment with AZD3759 and osimertinib. However, 
3 weeks after treatment with AZD3759 and osimer-
tinib, the average luciferin signal was significantly 
reduced in the brain after administration of 15, 30, 
and 60 mg/kg AZD3759 compared to that after 
control treatment (*p < 0.05 vs. control, **p < . 
0.01 vs. control). Compared to the 60 mg/kg 
AZD3759 group, the 60 mg/kg osimertinib group 
had a significantly higher signal (#p < 0.05 vs. 
60 mg/kg AZD3759). In addition, at the end of the 
experiment, compared to the control group, the 15, 
30, and 60 mg/kg AZD3759 groups had 
a dramatically smaller tumor volume in the brain 
(Figure 4c) (*p < 0.05 vs. control, **p < 0.01 vs. 

control). Compared to the 60 mg/kg AZD3759 
group, the 60 mg/kg osimertinib group had 
a significantly larger tumor volume (##p < 0.01 vs. 
60 mg/kg AZD3759). These data revealed that 
AZD3759 had superior inhibitory effect on tumor 
growth than osimertinib.

AZD3759 suppressed the EGFR and JAK/STAT 
signaling pathways in xenograft C6 tissues

We further verified the inhibitory effect of 
AZD3759 on the EGFR and JAK/STAT signaling 
pathways in tumor tissues. As shown in Figure 5, 
p-EGFR/EGFR and p-AKT/AKT were dramati-
cally downregulated by treatment with 
AZD3759 in a dose-dependent manner compared 
to those by control treatment (*p < 0.05 vs. 
control, **p < 0.01 vs. control). Compared to 
the 60 mg/kg AZD3759 group, the 60 mg/kg 
osimertinib group had higher expression levels 
of p-EGFR/EGFR and p-AKT/AKT (##p < 0.01 
vs. 60 mg/kg AZD3759). The expression levels of 
p-JAK1/JAK1, p-JAK2/JAK2, p-STAT3/STAT3, 

Figure 3. Luciferase activity is positively related to the number of C6-LUC cells. a. The luciferin activity in C6-WT and C6-LUC cells 
determined using the IVIS spectrum system (**p < 0.01 vs. C6-WT). b. The photons of the different number of C6-LUC cells detected 
by the IVIS spectrum system. c. The OD value of C6-WT and C6-LUC cells measured using CCK-8 assay. d. The cell cycle of C6-WT and 
C6-LUC cells determined using flow cytometry assay.
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and p-STAT5/STAT5 were significantly sup-
pressed by treatment of AZD3759 in a dose- 
dependent manner compared to those by control 
treatment (*p < 0.05 vs. control, **p < 0.01 vs. 
control). In addition, compared to the 60 mg/kg 
AZD3759 group, the 60 mg/kg osimertinib group 
had a significant activation of the JAK/STAT 
signaling pathway (##p < 0.01 vs. 60 mg/kg 
AZD3759).

Discussion

Osimertinib is an anilinopyrimidine compound 
with an irreversible and highly selective inhibitory 
effect on the T790M mutant EGFR [22]. During 
the determination of the recombinant enzyme of 
the EGFR gene, compared to the naïve EGFR gene, 
a 200-fold antagonist efficacy against the L858R/ 
T790M EGFR mutant gene was observed, which 
verified the high selectivity of osimertinib against 

EGFR mutant genes [23]. In an in vitro model 
evaluating the specificity of targeting EGFR 
mutant genes, a wide therapeutic window of osi-
mertinib was observed against the T790M mutant 
EGFR [24]. AZD3759 is an EGFR-TKI specially 
designed for the treatment of patients with brain 
metastatic NSCLC due to its ability to penetrate 
the BBB. Yang [14] reported the results of phase 
I clinical trials on AZD3759 in 2015, which 
showed high permeability through the BBB 
(29.5 × 10−6 cm/s) in patients with brain meta-
static NSCLC. In addition, EGFR-mutant brain 
metastatic animal experiments revealed 
a significant decrease in tumor volume in 
AZD3759-treated mice [14]. In the present study, 
we suspected that osimertinib and AZD3759 might 
be effective for the treatment of glioma as both 
agents can penetrate the BBB. In vitro experiments 
indicated that in both human and murine glioma 
cells, proliferation was significantly inhibited and 

Figure 4. AZD3759 suppresses the growth of C6 cells in xenograft mice. a. Live images of animals of each group taken 1 week and 
3 weeks after treatment. b. Average signals quantified using the IVIS spectrum system (*p < 0.05 vs. control, **p < 0.01 vs. control, 
#p < 0.05 vs. 60 mg/kg AZD3759). c. Tumor volumes calculated at the end of the experiments (*p < 0.05 vs. control, **p < 0.01 vs. 
control, ##p < 0.01 vs. 60 mg/kg AZD3759).
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apoptosis was significantly induced by the intro-
duction of AZD3759 in a dose-dependent manner, 
which was consistent with reports on the effects of 
AZD3759 against hepatoma cells [25] and NSCLC 
cells [14]. The anti-tumor efficacy of osimertinib 
and AZD3759 was further compared after incubat-
ing the glioma cells at the same concentration. We 
found superior efficacy in the AZD3759 group. 
However, the effective in vitro concentration of 
AZD3759 was in the μM range, which would 
limit the clinical applications of AZD3759 in the 
clinic. Combination therapy with chemotherapeu-
tic drugs may be a promising strategy in the 
future. In addition, the correlation between the 
in vitro effective concentration and the achievable 
plasma/brain concentrations in animals or patients 
should be further investigated to explore the phar-
macological properties of AZD3759 against 
glioma.

Luciferase is widely used to investigate the 
in vivo tracking of glioma cells [26,27]. No signifi-
cant species differences were observed in the 
in vitro experiments. The in vivo experiment was 

conducted only on murine glioma cells by trans-
planting C6-LUC cells in mice. We first checked 
the correlation between the activity of luciferin 
and the number of C6-LUC cells to confirm that 
the activity of luciferin represents the in vivo 
growth of C6 cells, which was based on methods 
described in a previous study [28]. We found 
a dose-dependent inhibitory effect against the 
in vivo growth of C6 cells with AZD3759, which 
was consistent with the results observed in the 
in vitro assays. In addition, the superior anti- 
tumor efficacy of AZD3759 than that of osimerti-
nib was verified in a xenograft animal model. 
Considering the BBB permeability ability of both 
osimertinib and AZD3759, we suspected that 
a specific regulatory mechanism might be involved 
in the anti-tumor efficacy of AZD3759 compared 
to that of osimertinib.

JAK is a member of the non-receptor tyrosine 
kinase and is subdivided into three phenotypes 
(JAK1, JAK2, and JAK3) as well as TYK2, which 
can activate STAT proteins on stimulation of 
multiple cytokines and growth factors [29–31]. 

Figure 5. AZD3759 suppresses the EGFR and JAK/STAT signaling pathways in xenograft C6 tissues. The expression levels of JAK1, 
p-JAK1, JAK2, p-JAK2, STAT3, p-STAT3, STAT5, p-STAT5, EGFR, p-EGFR, AKT, and p-AKT in tumor tissues detected using western blot 
assay (*p < 0.05 vs. control, **p < 0.01 vs. control, ##p < 0.01 vs. 60 mg/kg AZD3759).
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The JAK/STAT pathway is strictly regulated in 
normal cells. However, in tumor cells, the JAK/ 
STAT pathway can be persistently activated by 
the upstream pathway of JAK [32]. Activation of 
the JAK/STAT pathway has been widely reported 
in gliomas and has been shown to be involved in 
the development and progression of gliomas 
[33,34]. In the present study, we found that the 
inhibitory effect of AZD3759 on the JAK/STAT 
pathway was dose dependent in both glioma cells 
and tumor tissues. Compared to inhibitory effect 
of AZD3759 on the JAK/STAT pathway, that of 
osimertinib was relatively mild, which might be 
responsible for the uncompetitive anti-tumor 
properties observed in glioma cells and xenograft 
animal models. However, in our future work, this 
conclusion will be further verified by introducing 
osimertinib and AZD3759 into JAK- 
overexpressing glioma cells.

Conclusion

In conclusion, AZD3759 may inhibit the progres-
sion of glioma through a synergistic blockade of 
the EGFR and JAK/STAT signaling pathways.

Highlights

AZD3759 inhibits the progression of glioma.
AZD3759 suppresses the JAK and EGFR pathways.
AZD3759 has a superior antitumor effect against glioma 

than osimertinib.

Disclosure statement

The authors declare that there are no conflicts of interest 
regarding the publication of this paper.

Funding

This work was supported by grants from the Program of 
Basic Public Welfare Research in the Zhejiang Province 
(Grant No. LGF20H160021) and the Program of Medical 
and Health Science and Technology in the Zhejiang 
Province (Grant No. 2020368510)Program of Medical and 
Health Science and Technology in Zhejiang Province 
[2020368510]; Basic Public Welfare Research Program of 
Zhejiang Province [LGF20H160021];

Ethics statement

We declare that all animal experiments involved in this 
manuscript were authorized by the ethical committee of 
Hangzhou Cancer Hospital and performed according to the 
guidelines for care and use of laboratory animals and the 
principles of laboratory animal care and protection.

References

[1] Chen R, Smith-Cohn M, Cohen AL, et al. Glioma 
subclassifications and their clinical significance. 
Neurotherapeutics. 2017;14(2):284–297.

[2] Ostrom QT, Gittleman H, Stetson L, et al. 
Epidemiology of gliomas. Cancer Treat Res. 
2015;163:1–14.

[3] Lapointe S, Perry A, Butowski NA. Primary brain 
tumours in adults. Lancet. 2018;392(10145):432–446.

[4] Liu F, Mischel PS. Targeting epidermal growth factor 
receptor co-dependent signaling pathways in 
glioblastoma. Wiley Interdiscip Rev Syst Biol Med. 
2018;10(1):10.1002/wsbm.1398.

[5] Wee P, Wang Z. Epidermal growth factor receptor cell 
proliferation signaling pathways. Cancers (Basel). 
2017;9(5):52. doi: 10.3390/cancers9050052.

[6] Rahbarnia L, Farajnia S, Babaei H, et al. Isolation and 
characterization of a novel human scFv inhibiting 
EGFR vIII expressing cancers. Immunol Lett. 
2016;180:31–38.

[7] Chistiakov DA, Chekhonin IV, Chekhonin VP. The EGFR 
variant III mutant as a target for immunotherapy of glio-
blastoma multiforme. Eur J Pharmacol. 2017;810:70–82.

[8] Sepulveda JM, Sanchez-Gomez P, Vaz Salgado MA, 
et al. Dacomitinib: an investigational drug for the 
treatment of glioblastoma. Expert Opin Investig 
Drugs. 2018;27(10):823–829.

[9] Seystahl K, Gramatzki D, Roth P, et al. 
Pharmacotherapies for the treatment of glioblastoma - 
current evidence and perspectives. Expert Opin 
Pharmacother. 2016;17(9):1259–1270.

[10] Akgul S, Patch AM, D’Souza RCJ, et al. Intratumoural 
heterogeneity underlies distinct therapy responses and 
treatment resistance in glioblastoma. Cancers (Basel). 
2019;11(2):190. doi: 10.3390.

[11] Roth P, Weller M. Challenges to targeting epidermal 
growth factor receptor in glioblastoma: escape mechan-
isms and combinatorial treatment strategies. Neuro 
Oncol. 2014;16(Suppl 8):viii14–9.

[12] Kwatra MM. A rational approach to target the epider-
mal growth factor receptor in glioblastoma. Curr 
Cancer Drug Targets. 2017;17(3):290–296.

[13] Zeng Q, Wang J, Cheng Z, et al. Discovery and evalua-
tion of clinical candidate AZD3759, a potent, oral 
active, central nervous system-penetrant, epidermal 
growth factor receptor tyrosine kinase inhibitor. 
J Med Chem. 2015;58(20):8200–8215.

8688 W. YIN ET AL.



[14] Yang Z, Guo Q, Wang Y, et al. AZD3759, a 
BBB-penetrating EGFR inhibitor for the treatment of 
EGFR mutant NSCLC with CNS metastases. Sci Transl 
Med. 2016;8(368):368ra172.

[15] Ahn MJ, Kim DW, Cho BC, et al. Activity and safety of 
AZD3759 in EGFR-mutant non-small-cell lung cancer 
with CNS metastases (BLOOM): a phase 1, open-label, 
dose-escalation and dose-expansion study. Lancet 
Respir Med. 2017;5(11):891–902.

[16] Rafehi H, Orlowski C, Georgiadis GT, et al. 2011. 
Clonogenic assay: adherent cells. J Vis Exp. 49. DOI:  
10.3791/2573.

[17] Jurisic V, Srdic-Rajic T, Konjevic G, et al. TNF-alpha 
induced apoptosis is accompanied with rapid CD30 
and slower CD45 shedding from K-562 cells. 
J Membr Biol. 2011;239(3):115–122.

[18] Lacombe F, Belloc F. Flow cytometry study of cell 
cycle, apoptosis and drug resistance in acute 
leukemia. Hematology and cell therapy. 1996;38 
(6):495–504.

[19] Jurisic V. Multiomic analysis of cytokines in 
immuno-oncology. Expert Rev Proteomics. 2020;17 
(9):663–674.

[20] Yeom CJ, Chung JK, Kang JH, et al. Visualization of 
hypoxia-inducible factor-1 transcriptional activation in 
C6 glioma using luciferase and sodium iodide sympor-
ter genes. J Nucl Med. 2008;49(9):1489–1497.

[21] Zhou Y, Ren H, Dai B, et al. Hepatocellular 
carcinoma-derived exosomal miRNA-21 contributes 
to tumor progression by converting hepatocyte stellate 
cells to cancer-associated fibroblasts. J Exp Clin Cancer 
Res. 2018;37:324.

[22] Cross DA, Ashton SE, Ghiorghiu S, et al. AZD9291, an 
irreversible EGFR TKI, overcomes T790M-mediated 
resistance to EGFR inhibitors in lung cancer. Cancer 
Discov. 2014;4(9):1046–1061.

[23] Lazzari C, Spitaleri G, Catania C, et al. Targeting ALK 
in patients with advanced non small cell lung cancer: 
biology, diagnostic and therapeutic options. Crit Rev 
Oncol Hematol. 2014;89(3):358–365.

[24] Hirano T, Yasuda H, Tani T, et al. In vitro modeling to 
determine mutation specificity of EGFR tyrosine kinase 
inhibitors against clinically relevant EGFR mutants in 
non-small-cell lung cancer. Oncotarget. 2015;6 
(36):38789–38803.

[25] Chao D, Pang L, Shi Y, et al. AZD3759 induces apop-
tosis in hepatoma cells by activating a p53-SMAD4 
positive feedback loop. Biochem Biophys Res 
Commun. 2019;509(2):535–540.

[26] Zhang IY, Zhou H, Liu H, et al. Local and systemic 
immune dysregulation alters glioma growth in hyper-
glycemic mice. Clin Cancer Res. 2020;26(11):115–122.

[27] Wu A, Maxwell R, Xia Y, et al. Combination anti-CXCR4 
and anti-PD-1 immunotherapy provides survival benefit in 
glioblastoma through immune cell modulation of tumor 
microenvironment. J Neurooncol. 2019;143(2):663–674.

[28] Huebner D, Rieger C, Bergmann R, et al. An orthoto-
pic xenograft model for high-risk non-muscle invasive 
bladder cancer in mice: influence of mouse strain, 
tumor cell count, dwell time and bladder 
pretreatment. BMC Cancer. 2017;17(1):790.

[29] Kisseleva T, Bhattacharya S, Braunstein J, et al. 
Signaling through the JAK/STAT pathway, recent 
advances and future challenges. Gene. 2002;285:1–24.

[30] O’Shea JJ, Gadina M, Schreiber RD. Cytokine signaling 
in 2002: new surprises in the Jak/Stat pathway. Cell. 
2002;109(2):S121–31.

[31] Liu L, Nam S, Tian Y, et al. 6-Bromoindirubin-3�- 
oxime inhibits JAK/STAT3 signaling and induces 
apoptosis of human melanoma cells. Cancer Res. 
2011;71(11):3972–3979.

[32] Liao J, Xu T, Zheng JX, et al. Nitidine chloride inhibits 
hepatocellular carcinoma cell growth in vivo through 
the suppression of the JAK1/STAT3 signaling pathway. 
Int J Mol Med. 2013;32(1):79–84.

[33] Swiatek-Machado K, Kaminska B. STAT signaling in 
glioma cells. Adv Exp Med Biol. 2013;986:189–208.

[34] Tu Y, Zhong Y, Fu J, et al. Activation of JAK/STAT 
signal pathway predicts poor prognosis of patients with 
gliomas. Med Oncol. 2011;28(1):15–23.

BIOENGINEERED 8689

https://doi.org/10.3791/2573
https://doi.org/10.3791/2573

	Abstract
	Introduction
	Materials and methods
	Cells and agents
	Clonogenic assay[16]
	Flow cytometry for the analysis of apoptosis[17]
	Flow cytometry for the analysis of cell cycle[18]
	Western blotting assay
	Detection of luciferin activity in C6-LUC cells[20]
	CCK-8 assay[21]
	Establishment of animal models[20]
	In vivo grouping

	Statistical analysis
	Results
	AZD3759 suppressed proliferation and induced apoptosis in glioma cells
	AZD3759 inhibited the EGFR and JAK/STAT signaling pathways in glioma cells
	Luciferase activity was positively correlated with the number of C6-LUC cells
	AZD3759 inhibited the growth of C6 cells in xenograft mice
	AZD3759 suppressed the EGFR and JAK/STAT signaling pathways in xenograft C6 tissues

	Discussion
	Conclusion
	Highlights
	Disclosure statement
	Funding
	Ethics statement
	References

