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Abstract. The aim of this study was to explore the synergistic 
effect of signal transducer and activator of transcription  3 
(STAT3)‑targeted small interfering (si)RNA and AZD0530 
against glioblastoma in vitro and in vivo. Glioblastoma cell 
lines U87 and U251 were divided into four groups and treated 
with control, LV‑STAT3 siRNA, AZD0530, and combined 
LV‑STAT3 siRNA with AZD0530, respectively. The prolifera-
tion and apoptotic capacity of glioblastoma cells was assessed 
by Cell Counting Kit‑8 and double staining flow cytometry 
assays, respectively. Additionally, the potential effect of 
LV‑STAT3 siRNA and AZD0530 on glioblastoma was evalu-
ated in vivo. Images were captured of the tumor formation in 
mice every week. Following three weeks of treatment, NMR 
scan and immunohistochemistry were performed. The treat-
ment of combined LV‑STAT3 siRNA and AZD0530 was more 
effective in inhibiting proliferation and inducing apoptosisof 
glioblastoma cells in comparison with the treatment of either 
LV‑STAT3 siRNA or AZD0530 alone. Although LV‑STAT3 
siRNA or AZD0530 treatment alone suppressed tumor growth 
in mice, the combined treatment had a more significant effect 
than the treatment of LV‑STAT3 siRNA or AZD0530 alone. 
According to the results of both in vitro and in vivo assays, a 
combined therapy of LV‑STAT3 siRNA with AZD0530 could 
enhance therapeutic effects on glioblastoma, supporting the idea 
that the combination of LV‑STAT3 siRNA and AZD0530 could 
serve as a novel and effective strategy to combat glioblastoma.

Introduction

Glioblastoma isthe most common malignant tumor that 
originates in the brain. Nowadays, glioblastoma becomes an 
intractable refractory tumor with high mortality, owing to its high 
degree of aggressiveness (1,2). Investigating its pathogenesis, 
administering appropriate therapy and improving the prognosis 
are essential but challenging in the field of neurosurgery and 
cancer research  (3). Despite the development of traditional 
treatments, such as surgical tumor removal followed by the 
postoperative 40Gy‑whole‑brain, 15Gy‑regional radiotherapy 
and chemotherapy (4), the resistance against chemotherapy 
and radiotherapy leads to the failure in obtaining satisfactory 
therapeutic benefits  (5). Given the present data of clinical 
trials using molecular targets including monoclonal antibodies 
such as bevacizumab, or small molecule inhibitors such as 
bortezomib (6), more effective therapies are urgently neededto 
combat this disease. Such insight might be provided through 
proteomics and biomarker approaches that would simultane-
ously ascertain potential candidates for targeting therapy (7).

The signal transducer and activators of transcription (STAT) 
protein family is an ensemble of related proteinreceptors that 
could be triggered by specific cytokines. They serve as carriers 
in cytokine‑receptor interaction and maintain specific intrinsic 
intracellular signaling (8,9). STAT3, as a member of STATs, 
could be phosphorylated by JAK. Additionally, STAT3 plays 
a critical role in a number of cellular processes such as cell 
growth and apoptosis. There exists an intimate relationship 
between STAT3 and multiple cancers. STAT3 is reported as 
being abnormally activated in glioblastoma, which therefore 
further activates multiple downstream genes and affects the 
growth, apoptosis and invasion of glioblastoma cells (10,11).

AZD0530 is a dual inhibitor of Src family kinase/Abl. 
A previous study indicated that in prostate cancer cell lines, 
AZD0530 suppressed the activation of Src and blocked cell 
growth by inducing G1/S cell cycle arrest (12). Additionally, 
AZD0530 could reduce the expression of c‑Myc, cyclin D1 
and β‑catenin, and prevent the phosphorylation of extracel-
lular signal regulated kinase  1/2 and glycogen synthase 
kinase 3b. AZD0530 is also known as a selective and high 
efficacy Src‑kinase inhibitor (11,13). AZD0530 mechanisti-
cally features cooperation with the Src kinase and competition 
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of the kinase with the ATP binding site, thereby inhibiting 
the kinase activity, and impeding tumor migration, invasion, 
proliferation, and division (14). Upon the basis of the authors' 
preliminary findings (15), the present study used the STAT3 
small interfering (si)RNA and Src protein inhibitor AZD0530 
to specifically target Src‑Abl, and evaluated the effects of 
combined therapy on glioblastoma.

Materials and methods

Ethics statement. Animal studies were approved by the 
Tianjin Huanhu Hospital Institutional Animal Care and Use 
Committee.

Reagents and antibodies. AZD0530 was purchased from 
Selleck Chemicals and dissolved in dimethyl sulfoxide 
(DMSO) as a stock solutions of 10 mg/ml, then stored at ‑20˚C. 
The anti‑β‑actin, anti‑STAT3, anti‑p‑STAT3, anti‑SRC and 
p‑SRC antibodies were bought from Abcam, the anti‑B cell 
lymphoma‑2 (Bcl‑2) antibody was purchased from Signalway 
Antibody and the SABC Immunohistochemistry assay kit was 
provided by Abcam.

Cell lines and cell cultures. The human glioblastoma cell 
lines, U87 and U251, are glioblastoma of unknown origin 
and were purchased from the American type culture collec-
tion (catalogue number: ATCC HTB‑14) and the European 
Collection of Authenticated Cell Cultures (cat. no. 09063001), 
respectively. Both cell lines were cultured in Dulbecco's modi-
fied Eagle's medium (DMEM) supplemented with 10% fetal 
bovine serum, 100 U/ml penicillin, 100 µg/ml streptomycin 
and 0.25 µg/ml amphotericin B in a humidified atmosphere 
containing 5% CO2 at 37˚C. All reagents were obtained from 
Invitrogen; Thermo Fisher Scientific, Inc.

STAT3 siRNA lentivirus vectors. Lentivirus vectors containing 
siRNA targeted STAT3 (LV‑STAT3 siRNA) and an empty 
control of lentivirus vectortagged with green fluorescent 
protein  (GFP) and luciferase (LV‑empty) were purchased 
from Genbank. In brief, cells were infected with the lucif-
erase lentivirus and implanted into mice. The activity 
of luciferase was measured using a small animal in  vivo 
imaging system (In‑Vivo Xtreme, Bruker Corporation). 
The STAT3 Gene Bank Accession Number is NC_000017 
and the siRNA targeted sense sequence was as follows 
(5'‑CTTCAGACCCGTCAACAAA‑3').

Cell transfection. The human glioblastoma cell lines U87 and 
U251 (2x105) in serum‑free DMEM medium were transfected 
with LV‑STAT3 siRNA, LV‑empty using Lipofectamine 
RNAiMAX Reagent (Thermo Fisher Scienific, Inc.) and 
treatment with 20 µM AZD0530, respectively, or combined 
treatment with LV‑STAT3 siRNA and AZD0530. Cells 
treated with DMSO served as a negative control. After 6 h, the 
serum‑free culture medium was replaced with fresh complete 
DMEM and continued incubation for 36 h. The expression of 
GFP showed 80‑90% infection efficiency.

Cell proliferation assay. Cell proliferation was measured by 
Cell Counting Kit‑8 (CCK‑8) assay. Briefly, glioblastoma cell 

lines U87 and U251 were suspended and diluted to 5x104 cells/ml 
with DMEM, and 100 µl cell solution (5,000 cells) were seeded 
into 96‑well plates, then incubated overnight at 37˚C. Next day, 
cells were transfected with LV, LV‑STAT3 siRNA, LV‑empty, 
treatment with ADZ0530 or combined treatment with 
LV‑STAT3 siRNA and ADZ0530, respectively. During eight 
consecutive days, 10 µl CCK‑8 solution was added to each 
well for 3 h. The absorbance was measured at 450 nm using a 
microplate reader. For each group, three duplicate wells were 
set up and the data were summarized as mean ± standard 
deviation (SD).

Analysis of apoptosis. Cell apoptosis was detected using 
Annexin  V‑PE Apoptosis Detection kit (cat.  no.  559763, 
BD Biosciences). After treatment 96 h, cells from each group 
were harvested and adjusted concentration to 1x106/ml, 
then 5 µl Annexin V‑Alexa Fluor 647, and 10 µl propidium 
iodide(PI) were added. After 15  min in darkness under 
room temperature, 300 µl PBS was added and analyzed with 
FACS Calibur (BD  Pharmingen; BD  Biosciences). Flow 
cytometry data were analyzed with CellQuest software (1998, 
BD Pharmingen; BD Biosciences).

Immunoblot assays. Glioblastoma cells were lysed in RIPA 
buffer (cat. no. 9800; Cell Signaling, Inc.). Then total proteins 
(30 µg) were quantified by the BCA method and analyzed 
by 8% SDS‑PAGE. Subsequently the polyvinylidene fluoride 
(PVDF) membranes were blocked with 5% milk buffer for 2 h 
at room temperature and then incubated with the primary anti-
bodies (All1:500 dilution) at room temperature for 2 h. Then 
the PVDF membranes were incubated with HRP‑conjugate 
secondary antibodies (Goat anti Rabbit and goat anti mice, 
cat.  nos.  31430 and 31460, Thermo Fisher Scientific, Inc. 
1:5,000 dilution) at room temperature for 45 min. Blots were 
detected with an ECL kit (ECL Substrate Kit, ab133406, 
Abcam). Image Pro software 6.0 (Media Cybernetics, Inc.) 
was used in this assay to calculate the intensity of each blot.

Establishment of animal model. A total of 130 BALB/c nude 
mice (half male and female; 10 weeks old; 20 g) were randomly 
assigned into five groups (n=26 for each group), including 
the negative control group, the empty vector group, the 
LV‑STAT3 siRNA group, AZD0530 group and the LV‑STAT3 
siRNA‑AZD0530 combination‑therapy group. The mice were 
maintained in the place where environment temperature was 
25˚C, the humidity was 50%, the light and darkness were 
alternated for 12 h, and free water and food were given. Three 
group's mice were respectively subjected to LV, LV‑STAT3 
siRNA transfected U87 cells and LV‑empty transfected U87 
cells differential intracranial injection through the stereotactic 
approach (16,17). The AZD0530 group and for the combination 
groups, after LV‑STAT3 siRNA transfected cell intracranial 
injection, 50 mg/kg AZD0530 was received via oral gavage 
5 times per week for 3 weeks. Tumor sizes were measured 
by fluorescent images of whole mice at 7, 14 and 21 days. In 
view of humane endpoints, the mice whose tumors grew to a 
size >1,000 mm3 were sacrificed. The volume (V) of tumors 
was calculated using the formula: V=0.5xW2xL. Additionally, 
the largest diameter of tumor was measured using a vernier 
caliper.



Molecular Medicine REPORTS  20:  3625-3632,  2019 3627

Nuclear magnetic reasonance (NMR) scanning. Mice were 
imaged by a small animal in  vivo imaging system. After 
the final luciferase imaging, the mice were anesthetized 
with isoflurane and situated in a magnetic coil in 3T NMR 
(GE Healthcare) for two‑dimensional scans with T2‑weighted 
imaging to further assess the position of the tumor and the 
extent of its spread. The tumor size was calculated according 
to previous studies  (18,19). Scanning parameters: 1.2 mm 
isotropic spatial resolutions, repetition time=2,500  msec, 
band width=203 Hz/px, matrix=256x256x128. The first echo 
time=72 msec, echo spacing=12 msec, flip angle=1,200, the 
scan time=5 min 34 sec. Three days after the experiment, 
animals were sacrificed to extract tumor tissue for immuno-
histochemical analysis.

Immunohistochemistry. Non‑necrotic and cystic tumor tissues 
of mice models were selected to make pathological sections 
(5 µm thickness) and the sections were subsequently deparaf-
finized and rehydrated, then 3% hydrogen peroxide was used 
to remove endogenous peroxide activity. Antigen retrieval was 
performed using 0.01 mol/l sodium citrate buffer at 92‑98˚C. 
The sections were blocked with 5% fetal calf serum (Gibco; 
Thermo Fisher Scientific, Inc.) in PBS at room temperature 
for 30 min to avoid non‑specific binding, then anti‑p‑STAT3 
(Tyr705; 0.5 mg/ml; BioLegend, Inc.) and anti‑Bcl‑2 (1:50; 
1 mg/ml; BioLegend, Inc.) were added to sections, respec-
tively and incubated overnight at 4˚C. After washing with 
phosphate buffer, the sections were incubated in alkaline 
phosphatase‑labeled streptavidin working solution  (1:200) 
for 30 min at 37˚C. The sections were visualized with DAB, 
finally, the sections were counterstained with hematoxylin for 
2 min at room temperature, dehydrated, then mounted. For 
negative controls, normal rabbit serum replaced the primary 
antibody. Semi‑quantitative analysis: Under high magnifica-
tion (CX23, x400, Olympus Corporation), tumor regions were 
randomly selected for gray area examination (ImageJ 1.8.0, 
National Institutes of Health), with possible values ranging 
from 0 (black) to 255 (white) and a greater gray value denotes 
a higher protein expression, and the relative protein level was 
normalized to combinated group.

Statistical analysis. Results were analyzed using SPSS 
software 13.0 and compared using one‑way analysis of vari-
ance. Multi‑group comparisons in this study were carried 
out by one‑way analysis of variance test followed by a 
Student‑Newman‑Keuls post hoc test.Comparisons between 
the parametric groups were done using the LSD‑t test. The 
data was presented as the mean ± SD of three or six indepen-
dent experiments was defined to be appropriate. P<0.05 was 
considered to inidicate a statistically significant difference.

Results

Combined treatment of STAT3 siRNA and AZD0530 inhibits 
the proliferation of glioblastoma cells. The CCK‑8 assays 
produced a stable growth curve for the transfected cell (Fig. 1). 
The expression of STAT3, SRC, pSRC decreased gradually 
within four days in AZD0530‑treated U87 and U251 cells. 
The AZD0530 gave noticeable inhibition compared with the 
control groups.

Similarly, LV‑STAT3 siRNA treatment had an obvious 
inhibition effect on the proliferation of U87 and U251 cells, 
compared with control groups. Interestingly, combination 
therapy had a significant inhibitory effect on U87 and U251 
cell proliferation compared with other groups (P<0.001), 
and the mean inhibition of tumor growth rate were 28.60 
and 36.36%, respectively. As a comparasion, the curves 
for the negative control group and the empty vector cell 
growth were similar, displaying a modest effect on tumor 
growth. Based on this, the present study further detected 
the level of both STAT3 and phosphorylated STAT3 after 
siRNA and AZD0530 combined treatment. It was noticed 
that the expression levels of STAT3 was decreased in both 
U251 and U87 cells (Fig. 1B). The expression level of SRC 
and its phosphorylation level were also detected, and found 
that both was decreased in U251 cells (Fig. 1C). Therefore, 
these results suggest that the combined treatment inhibited 
the proliferation of glioblastoma cells in a SRC‑dependent 
manner.

Combined treatment shows pro‑apoptotic ef fects on 
glioblastoma cells in vitro. Through flow cytometry assays, 
it was demonstrated that the combined treatment with STAT3 
siRNA and AZD0530 induced the apoptosis of glioblastoma 
cells. After 96 h incubation, glioblastoma U87 and U251 cells 
with AZD0530 and STAT3 siRNA treatment were analyzed 
through Annexin V‑Alexa Fluor 647 and PI double staining 
flow cytometry assays, an increased rate of apoptosis was 
observed in combined treatment group compared with the 
STAT3 siRNA and AZD0530 alone group (P=0.029), and the 
rate of apoptosis in the STAT3 siRNA group was increased 
compared with AZD0530 treatment alone. There was a statis-
tically significant difference among STAT3 siRNA group, 
AZD0530 treated group, and the combined treatment group 
(P<0.05). The combined treatment group, STAT3 siRNA and 
AZD0530 treated group exhibited a significantly increased-
level of apoptosis compared with the empty‑vector group and 
control group (P<0.05). Whereas no significant difference 
was found between the empty vector group and thecontrol 
group (P=0.554), and there were similar results between 
U87 and U251 cell lines (Fig. 2). All these results indicate that 
the STAT3 siRNA and AZD0530 treatment groups showed 
significant effectson the apoptosis of glioblastoma cells, 
respectively. However, the effect granted by the combined 
treatment group was even more notable.

Combined treatment with STAT3 siRNA and AZD0530 
inhibits tumor growth in mice. To further explore the potential 
synergistic role of LV‑STAT3 siRNA and AZD0503 on glio-
blastoma, their effects on tumor growth were assessed in vivo. 
Aside from the negative control group, all mice showed xeno-
graft formation in the right brain caudate nucleus (Fig. 3A‑C). 
In the first week after the inoculation, tumor formation was 
detected and after 2 weeks, a period of accelerated growth was 
noted with the degree of growth proportional to time. Larger 
tumors may invade contralaterally via the corpus callosum 
(Fig.  3C). A comparison of the tumor fluorescence value 
(Fig. 3B) showed that for the first week, the LV‑STAT3 siRNA 
group, the AZD0530 group and the combined treatment group 
had significantly lower luminosity compared with the empty 
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Figure 1. LV‑STAT3 siRNA and AZD0530 combination therapy dramatically inhibits the proliferation of glioblastoma cells. (A) The growth curves of U87 and 
U251 cells upon the indicated treatment. (B) The expression levels of STAT3 upon AZD0530 treatment were detected through immunoblot assays after 24, 48, 
and 72 h in both U87 and U251 cells. (C) The expression levels of SRC and p‑SRC upon AZD0530 treatment were detected through Immunoblot assays after 
24, 48, and 72 h in U251 cells. Results are presented as mean ± standard error of the mean, ns, not significant, **P<0.01 vs. control ***P<0.001 vs. other groups. 
p‑STAT3, phosphorylated signal transducer and activator of transcription‑3; siRNA, small interfering RNA.

Figure 2. Combined treatment with LV‑STAT3 siRNA and AZD0530 significantly induces apoptosis of glioblastoma cells. A total of 96 h after treatment, 
glioblastoma cells were analyzed by flow cytometry. (A) Data of Annexin V‑Alexa Fluor 647 and PI double staining flow cytometry assays showed that the 
LV‑STAT3 siRNA, AZD0530 and the combination groups induced significant apoptosis after treatment 96 h compared with the control and empty vector groups 
in U87 and U251 cells, respectively (n=3). The effects of the combination therapy are less than additive. (B and C) Bar charts of data presented in panel A. 
*P<0.05, **P<0.01 and ***P<0.001. p‑STAT3, phosphorylated signal transducer and activator of transcription‑3; siRNA, small interfering RNA; ns, not significant.
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vector group (P<0.001). However, between any two of the 
three groups, there was no significant difference (P>0.05). 
The luminosity was the greatest for the empty vector group, 
bearing the largest tumor. Notably, this luminosity may reflect 
cellular activity but not tumor growth. The values of the first 
week and the second week were similar, but along with the 
enlargement of the tumor, the combinational therapy group 
showed the least luminescence, followed by the LV‑STAT3 
siRNA group and the AZD0530 group; the empty vector group 
had the maximum luminosity. The results were statistically 
significant (P<0.001). However, the effects of the LV‑STAT3 
siRNA group and the AZD0530 group were not statistically 
different (P=0.517).

Combination therapy results in greater tumor inhibition. 
According to the results of the in vivo assays, the present study 
found that the luminosity for LV‑STAT3 siRNA, AZD0530, or 
combined treatment groups were decreased compared with the 
control (Fig. 3A and B). Additionally, with tumor enlargement, 
the luminosity for LV‑STAT3 siRNA and AZD0530 treatment 
alone group was significantly decreased compared with the 
control, and the luminosity for the combined treatment group 
was significantly lower than that in other groups (P<0.001).

As treatment continued, the STAT3 targeted siRNA loaded 
lentivirus had a more pronounced and sustained anti‑tumor 
effect. From the observation of weight changes in mice, the 
LV‑STAT3 siRNA group had little influence on body weight 

Figure 3. Combined treatment with LV‑STAT3 siRNA and AZD0530 inhibits glioblastoma growth in mice. (A) Results of intracranial imaging for glioblastoma 
cells. (B) Bar charts of data presented in panel A. (C) Xenograft formation in the right brain caudate nucleus. (D) Survival time curves of different treatment 
groups. *P<0.05, **P<0.01 and ***P<0.001. p‑STAT3, phosphorylated signal transducer and activator of transcription‑3; siRNA, small interfering RNA.
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(data not shown). While the negative control group had a 
significantly greater luminosity relative to the other groups 
(P<0.05; Fig.  3C). Interestingly, the data of K‑M survival 
analysis further confirmed the improved survival of mice in 
the combined treatment group (Fig. 3D).

Combined therapy decreases STAT3 phosphorylation and 
the expression of Bcl‑2 in vivo. According to the results of 
IHC assays, p‑STAT3 and Bcl‑2was mainly localized in the 
cytoplasm of tumor cells, demonstrated by the light yellow, 
yellow, or tantint. There were sometimes mild coloration in 
the nuclei (Fig. 4A). The p‑STAT3 was highly expressed in the 
control and empty vector group, but expression was less in the 
AZD0530 group, LV‑STAT3 siRNA group and the combined 
treatment group. The p‑STAT3 protein expression value for the 
negative control group and the empty vector group was ~three 
times that of the AZD0530 alone group, LV‑STAT3 siRNA 
alone group and the combined treatment group. There were 
also a significant difference of values among the AZD0530 
group and combined treatment group (Fig. 4B).

Bcl‑2expression was associated withp‑STAT3, which 
suggested that lentiviral transfection with STAT3‑targeted 
siRNA produced a significant reduction of p‑STAT3 and 
Bcl‑2expression in tumor tissues (P<0.05).

Discussion

STAT3 abnormal activation has a close relationship to 
cancer. Therefore, the abnormal activation of STAT3 could 

encourage the genetic transcription of cyclin D 1, Bcl‑xl, 
c‑Myc, interleukin  (IL)‑10, vascular endothelial growth 
factor (VEGF) (20), assisting the tumor in cellular survival, 
proliferation, angiogenesis and mitochondrial respiratory 
chain transfer (21).

STAT3 is abnormally expressed in human malignant glio-
blastoma tissues. Suppressing the expression of the STAT3 signal 
pathway or silencing STAT3 (22) could induce glioblastoma cell 
apoptosis and differentiation, and inhibit the proliferation and 
angiogenesis (23). siRNA through a DNA‑directed RNA inter-
ference (RNAi) approach, enables gene silencing and expression 
attenuation, thereby creating a sustained block of the expression 
of a particular protein. Therefore, siRNA has become a potential 
new nucleic‑acid drug (24). RNAi can be used to reduce STAT3 
expression in glioblastoma cells and facilitate apoptosis (25). 
This study used STAT3‑siRNA‑lentivirus vectors with glio-
blastoma transfection and the subsequent luciferase imaging to 
monitor the dynamic changes of the tumor in vivo.

The JAK/STAT pathway is a major signaling pathway for 
relaying external signals into the nucleus (26). Cytokines IL‑6, 
IL‑10, growth factors epidermal growth factor, hepatocyte 
growth factor, HER2/Neu, VEGF and other mediators such 
as erythropoietinand granulocyte‑macrophage‑colony stimu-
lating factor can induce STAT3 tyrosine phosphorylation and 
activation. STAT3 tyrosine can be phosphorylated by three 
kinds of protein kinases, such as Src, a non‑receptor tyrosine 
kinases. After tyrosine phosphorylation, STAT3 forms homo‑ 
or heterodimers, enters the nucleus and binds to specific DNA 
sequences, and initiates the expression of the target gene (18). 

Figure 4. Combination treatment decreases the expression levels of p‑STAT3 and Bcl‑2. (A) Immunohistochemical staining of tumor tissue. p‑STAT3 and 
Bcl‑2 protein was highly expressed in the negative control group and the empty vector group, and relative less in the AZD0530 group, the LV‑STAT3 siRNA 
group and the combined treatment group. (Scale bar, 100 µM). (B) Bar charts of data presented in panel A. Results are presented as mean ± standard error of 
the mean, *P<0.05; **P<0.01 and ***P<0.001 vs. combination group. p‑STAT3, phosphorylated signal transducer and activator of transcription‑3; siRNA, small 
interfering RNA; Bcl‑2, B cell lymphoma‑2.
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Therefore, blocking the Src signaling pathway can indirectly 
compromise the STAT3 signaling pathway (27).

AZD0530 is a Src‑Abl dual inhibitor that produces prom-
ising results in preclinical and clinical studies on solid tumors 
and osteolytic lesions (28). This study is the first time to the 
best of our knowledge that direct siRNA and the indirect 
AZD0530 was jointly used to block the STAT3 signaling 
pathway as a part of a therapeutic strategy.

AZD0530 is an inhibitor of SRC and therefore it could 
affect the phosphorylation of STAT3. However, the present 
study found that AZD0530 not only can affect the phosphory-
lation level of STAT3, but also has an effect on the expression 
of STAT3. In general, AZD0530 has a more significant effect 
on the phosphorylation of STAT3. The present study hypothe-
sized that AZD0530 may lead to the ubiquitination degradation 
of STAT3 to some extent, but the finer molecular mechanism 
needs to be confirmed by further experiments.

Mitochondria are the crucial integrators and coordinators 
of both intracellular and extracellular signals that mediate 
caspase‑dependent and caspase‑independent cell death (29). 
Loss of the mitochondrial membrane potential is a prerequi-
site for mitochondrial‑mediated apoptosis (27). In addition, 
members of Bcl‑2 family are major regulators of Cytochrome 
C release from mitochondria. They participate in downstream 
caspase activation and play an important role in the regulation 
of glioblastoma cell apoptosis (30,31).

Through flow cytometry assays, it was found that the 
LV‑STAT3 siRNA group, AZD0530 group and the combined 
treatment group had an inhibitory effect in vitro, with the 
combined treatment being the most effective. Meanwhile, 
apoptotic rates for these groups increased 2.51, 1.92 and 
2.99 times in their respective orders. STAT3‑targeting siRNA 
and Scr‑blocker AZD0530 lowered the expression of STAT3 
in U87 and U251 cells, and in turn, promoted apoptosis in 
glioblastoma. Although currently there are multiple theories 
concerning the mechanism of apoptosis initiation, the present 
study revealed that LV‑STAT3 siRNA might cause apoptosis 
through the mitochondrial pathway (15).

In this study, in  vivo imaging was used after tumor 
inoculation to non‑invasively detect the continuous growth 
of tumors. A week following the inoculation, obvious tumor 
formation and comparable luminescence values were found 
for the LV‑STAT3 siRNA group, the AZD0530 group and 
the combined treatment group. In the second week, the empty 
vector group exhibited the greatest luminescence, while 
the combined approach showed the least. The Src signaling 
pathway inhibitor AZD0530 of the tumor had its effect damp-
ened. Moreover, the third week had similar outcomes, with the 
combined treatment group giving greater cancer inhibition, 
while the influence by AZD0530 diminished further. Although 
the effect ofSTAT3 blocking is noticeable by dynamically 
observing tumor growth, the block of STAT3 is weakened 
owing to in vivo drug metabolism and tumor drug resistance, 
whereas STAT3‑directed RNAi elicited a sustained inhibition 
on tumor growth. This calls for a stronger emphasis on the 
underlying mechanisms for AZD0530 resistance in future 
research endeavors. Immunohistochemistry assays indicated 
that p‑STAT3was highly expressed in the negative control 
group, the empty vector group and the AZD0530 group. The 
LV‑STAT3 siRNA group and the combined treatment group 

in turn showed a decline of expression. LV‑STAT3 siRNA 
continued to block the STAT3 expression and achieved the 
purpose of undermining tumor growth. As the central target 
molecules of the mitochondrial apoptosis pathway, Bcl‑2 
protein  (32) and STAT3 protein shared similar trends in 
expression. From a different standpoint, it validates the results 
from the authors' earlier study on the apoptosis effects of 
LV‑STAT3 siRNA via the mitochondrial pathway (21).

Recent studies demonstrated that IL‑8 derepression repre-
sents an critical and functionally‑relevant consequence of 
deregulation of the PTEN‑STAT3 tumor suppressive pathway 
in tumor cells (33,34). The downregulation of STAT3‑IL‑8 
signaling pathway contributes to the proliferation and inva-
sion of glioblastoma cells. Additionally, STAT3 is known to 
be activiated in glioblastoma. These studies further confirmed 
the present study's hypothesis.

Integrated results from in vitro and in vivo studies suggest 
that in vivo, LV‑STAT3 siRNA and AZD0530 individually 
caused significant clearance of glioblastoma while triggering 
apoptosis. However, a combination‑therapeutic approach 
was able to render a more striking effect in eliminating 
cancer cells. LV‑STAT3 siRNA in orthotopic glioblastoma 
was capable of continual expression by blocking the STAT3 
expression. STAT3 was one of the targets for cancer therapy, 
and a recombinant lentivirus carrying siRNA that silences the 
STAT3 gene would yield a desired and sustained inhibition on 
tumor, and its combination with AZD0530 could augment the 
cancer inhibition even further. This method provides a novel 
and effective way to combatglioblastoma.

In conclusion, this study showed combined therapy 
of LV‑STAT3 siRNA with AZD0530 could enhance the 
therapeutic effect against glioblastoma. Combined treatment 
inhibited proliferation and promoted apoptosis of glioblastoma 
cells in vitro, and inhibited tumor growth in mice. Mechanistic 
studies confirmed that the combined therapy decreased 
STAT3 phosphorylation and the expression of Bcl‑2 in vivo. 
Taken together, this study supports the idea that combination 
of LV‑STAT3 siRNA and AZD0530 could provide a novel and 
effective strategy to combat glioblastoma.
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