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Abstract: Glioblastoma is one of the most common malignant tumors in the nervous system in 

both adult and pediatric patients. Studies suggest that abnormal activation of receptor tyrosine 

kinases contributes to pathological development of glioblastoma. However, current therapies 

targeting tyrosine kinase receptors have poor therapeutic outcomes. Here, we examined anticancer 

effects of ponatinib, a multi-targeted tyrosine kinase inhibitor, on glioblastoma cells both in the 

U87MG cell line and in the mouse xenograft model. We showed that ponatinib treatment reduced 

cell viability and induced cell apoptosis in a dose-dependent manner in U87MG cells. In addition, 

ponatinib suppressed migration and invasion of U87MG cells effectively. Furthermore, ponatinib-

treated tumors showed an obvious reduction of tumor volume and an increase of apoptosis as 

compared with vehicle-treated tumors in the mouse xenograft model. These findings support a 

potential application of ponatinib as a chemotherapeutic option against glioblastoma cells.
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Introduction
Gliomas are the most common solid tumors of the nervous system.1–3 Gliomas can be 

divided into astrocytomas, oligodendrogliomas, ependymomas, and oligoastrocytomas 

according to different cell types.1 Gliomas are further categorized into four grades, 

which depend on the aggressiveness of the tumors.2 Grade I and grade II gliomas are 

low-grade gliomas with slow growth and low rate of recurrence.3 Grade III (malignant 

glioma) and grade IV (glioblastoma multiforme [GBM]) gliomas are more aggressive 

tumors, which invade other parts of the brain.3 According to molecular signatures, 

there are four different subtypes of GBMs.4

Various signaling pathways are involved in pathological development of GBM, 

including growth factor/tyrosine kinase receptor pathway, Raf-MAPKK-ERK, p53-

MDM2-p14ARF pathway, RB1-p16INK4a pathway, and PTEN/Akt-1 pathway.5 Among 

those pathways, tyrosine kinase receptor signaling pathways play a central role in 

oncogenesis of GBM.6,7 Deregulations of tyrosine kinase receptor signaling in GBM 

cause robust alterations of proliferation, invasion, and tumor-induced neovasculariza-

tion.6,8 Epidermal growth factor receptor (EGFR), a typical receptor tyrosine kinase 

(RTK), is strongly associated with pathological development of GBM.9–11 Particularly, a 

mutated form of EGFR, which results in a constitutively autophosphorylated receptor, 

enhances growth, proliferation, migration, and tumor neovascularization.12,13 Studies in 

vitro further confirm that EGFR plays important roles in gliomagenesis.14  Considering 

the central role of EGFR in gliomagenesis, it has been an attractive candidate for 

chemotherapy targeting.
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Although RTKs are promising candidates for targeted 

therapies of GBM, drugs such as gefitinib (targeted to EGFR), 

have not shown a significant improvement of survival rate 

compared with standard therapy. Several reasons contribute 

to the poor efficiency of current RTK inhibitors. First, only 

a few GBM patients with overexpression of RTK could have 

been targeted because of molecular heterogeneity between 

individuals.15 Second, many GBM tumors are not sensitive to 

RTK inhibitors in RTK-mutated tumors.15 Third, inhibitors tar-

geting to single RTK are ineffective, since other RTKs still drive 

tumor growth.16 Therefore, a current challenge is to develop new 

drugs to overcome the drug resistance during GBM treatment. 

As a first step, it is important to find other potential chemical 

components against glioblastoma cells. Ponatinib (AP24534), 

a potent multi-targeted tyrosine kinase inhibitor,17 has shown 

robust inhibitory activity against tyrosine kinases including 

BCR-ABL, PDGFR, KIT, and FGFR in chronic myeloid leuke-

mia and Philadelphia chromosome-positive acute lymphoblastic 

leukemia.18,19 However, the inhibitory efficiency of ponatinib 

in glioblastoma cells is not examined.

To elucidate the roles of ponatinib in glioblastoma cells, 

we examined the efficiency of ponatinib against U87MG 

cells in vitro and in vivo. We found that ponatinib treatment 

inhibited cell viability and induced cell apoptosis in U87MG 

human cell line. We also demonstrated that ponatinib pre-

vented U87MG cell migration and invasion in vitro. More-

over, we confirmed that ponatinib could restrict tumor growth 

and promote cell apoptosis in mouse xenograft model. Taken 

together, our findings demonstrate that ponatinib is a promis-

ing candidate against glioblastoma U87MG cells.

Materials and methods
Materials and reagents
U87MG, a commonly studied grade IV glioma cell line, was 

purchased from American Type Culture Collection (ATCC), 

Manassas, VA, USA. Ponatinib was bought from Thermo Fisher 

Scientific (Waltham, MA, USA; Catalog No: NC0565468).

cell culture
U87MG cells were grown in Dulbecco’s Modified Eagle’s 

Medium (DMEM)/F12 medium supplemented with 10% 

heat-inactivated fetal bovine serum and 100 U/mL penicillin-

streptomycin. Cells were cultured in a humidified incubator 

at 37°C in 5% CO
2
.

cell viability assay
Cells were seeded in 96-well plates. Cells were treated with 

different doses of ponatinib (0.78–200 nM) for 72 hours, 

or with 20 nM ponatinib for 24, 48, or 72 hours. Then, cell 

viability of U87MG cells was analyzed using CellTiter-Glo 

Assay kit (Promega Corporation, Fitchburg, WI, USA) 

according to the manufacturer’s instructions. Experiments 

were repeated in triplicate.

Flow cytometry analysis
Cells were treated with ponatinib at different concentrations 

for 48 hours. Cells were harvested, followed by staining with 

propidium iodide using CycleTEST plus DNA reagent kit 

(Becton Dickinson, Franklin Lakes, NJ, USA). The apop-

totic cells with DNA content in sub-G1 were detected with 

a FACSCalibur flow cytometry. The results were analyzed 

using CellQuest Pro software (Becton Dickinson).

Morphological analysis of apoptotic cells
U87MG cells were treated with ponatinib at different con-

centrations for 48 hours. Cells with condensed or fragmented 

nuclei were identified by Hoechst staining.

cell invasion assay
One-million cells were plated into the upper chambers of the 

24-transwell Boyden chamber wells (Costar, Bedford, MA, 

USA). After treatment with ponatinib at different concentra-

tions for 8 hours, the cells were fixed and stained with 0.1% 

crystal violet. After images were taken, the migrated cells 

were lysed with 10% acetic acid. The absorbance of lysate 

was measured at 595 nm.

Efficacy of ponatinib in mouse xenograft 
model in vivo
U87MG cells (2×106 cells/mouse) were injected into the axil-

lary regions of mice. The mice were randomly separated into 

control group and ponatinib-treatment groups (n=6 per group) 

after the tumor grew to 70 mm3 in volume. For ponatinib-

treatment groups, low-dose (5 mg/kg) or high-dose (10 mg/kg) 

ponatinib was injected into the mice every day. The tumor 

size and body weight of the mice were measured every day. 

The tumor volume was calculated according to the following 

formula: volume (mm3) = (width × width × length)/2.

TUnel staining
After treatment, tumor samples were harvested from the 

mice. The tumors were trimmed into 5 mm3 pieces and 

immediately fixed in 4% paraformaldehyde. Then, samples 

were transferred to 70% ethanol, embedded into paraffin 

blocks, and sectioned (5 mm thickness). The apoptosis 

of cells was identified by the terminal deoxynucleotidyl 
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 transferase-mediated dUTP-digoxigenin nick end-labeling 

(TUNEL) method. In brief, cells were incubated with TdT 

enzyme solution for 60 minutes, washing with phosphate-

buffered saline twice, followed by 30 minutes incubation 

with DAPI (4′,6-diamidino-2-phenylindole). Images of the 

staining were taken with a fluorescent microscope.

Data analysis and presentation
All experiments were repeated at least three times inde-

pendently. Graphs were drawn using the SPSS® statistical 

software, version 17.0 (SPSS Inc., Chicago, IL, USA). Data 

are expressed as means ± standard deviation. P,0.05 was 

considered as significance.

Results
Ponatinib suppresses cell viability  
of U87Mg cells
To measure whether ponatinib impacts growth of U87MG 

cells, cell viability assay was performed after cells were 

treated with different concentrations of ponatinib for 

72 hours. We found that the cell viability was reduced 

gradually as the concentration of ponatinib was increased 

(Figure 1A). Notably, the cell viability was inhibited com-

pletely after treatment with 200 nM ponatinib for 72 hours 

(Figure 1A). To confirm the inhibitory efficiency of pona-

tinib on U87MG cells, we treated cells with 20 nM ponatinib 

for 24, 48, and 72 hours. The time-course study showed that 

the inhibitory efficiency of ponatinib against U87MG cell 

viability was significantly increased following ponatinib 

treatment for longer time (Figure 1B). Taken together, 

our data demonstrate that ponatinib impacts U87MG cell 

viability in vitro.

Ponatinib induces cell apoptosis  
of U87Mg cells
To explore whether ponatinib impacts cell viability via 

regulating cell apoptosis, we first examined the fraction 

of apoptotic cells with sub-G1 DNA content after cells 

were treated with ponatinib. We found that the percentage 

of cells with sub-G1 DNA content was elevated in a dose-

dependent manner when cells were incubated with different 

doses of ponatinib (Figure 2A). This result suggests that 

ponatinib causes cell death or cell apoptosis in U87MG cells. 

Consistently, ponatinib induced condensed or fragmented 

nuclei, a typical phenotype in apoptotic cells, in U87MG cells 

(Figure 2B). The statistical analysis showed that the number 

of condensed or fragmented nuclei was increased dramati-

cally in U87MG cells after ponatinib treatment (Figure 3C). 

Meanwhile, this increase was gradually induced by addition 

of ponatinib concentration (Figure 3C). Collectively, these 

results demonstrate that ponatinib induces cell apoptosis of 

U87MG cells.

Ponatinib inhibits cell invasion in vitro
Next, we wondered whether ponatinib affects invasion ability 

of U87MG cells. Therefore, Matrigel invasion assays were 

performed using 8.0 µm pore-size transwells, which allow 

cell migration across the filter. The data showed that the num-

ber of U87MG cells migrated across both the Matrigel and the 

insert was obviously decreased as concentration of ponatinib 

was increased from 1.25 to 20 nM (Figure 3A). Statistically, 

ponatinib significantly enhanced inhibitory efficacy against 

migration of U87MG cells in a dose-dependent manner 

(Figure 3B). Therefore, the results indicate that ponatinib 

prevents invasion and migration of U87MG cells in vitro.
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Figure 1 Ponatinib suppresses U87Mg cell viability.
Notes: (A) U87Mg cells were treated with different doses of ponatinib as indicated for 72 hours, followed by measurement with cell viability assay. Viability of cells without 
ponatinib treatment was set to 100%. (B) U87Mg cells were treated with ponatinib (20 nM) for 24, 48, or 72 hours, followed by measurement with cell viability assay. 
inhibition of control cells was measured as decrease in viability (aTP content in cells). *P,0.05 (one-way anOVa).
Abbreviations: anOVa, analysis of variance; aTP, adenosine triphosphate.
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Figure 2 Ponatinib induces apoptosis of U87Mg cells.
Notes: (A) U87Mg cells were treated with ponatinib at the indicated concentrations 
for 48 hours, followed by propidium iodide staining and flow cytometry analysis. (B) 
U87Mg cells were incubated with ponatinib for 48 hours. The nuclei were stained 
with Hoechst, and analyzed using a fluorescent microscope. The representative 
images are shown. (C) The percentage of cells with condensed/fragmented nuclei 
was calculated by counting in seven random fields. *P,0.05 (one-way anOVa) for 
(A and C).
Abbreviation: anOVa, analysis of variance.
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Figure 3 Ponatinib inhibits migration of U87Mg cells. 
Notes: (A) U87Mg cells were treated with different concentrations of ponatinib 
(1.25, 5, or 20 nM) for 8 hours. The non-migrated cells on the upper surface of the 
filter were removed, and the migrated cells on the lower side were stained and 
photographed. The representative images are shown, then cells were lysed, and 
colorimetric determination was made at 595 nm. (B) Quantitation of the inhibition 
from Transwell assay. The inhibition efficiency (%) was compared with control cells 
without ponatinib treatment. *P,0.05 (one-way anOVa).
Abbreviation: anOVa, analysis of variance.

Ponatinib antagonizes tumor growth  
and induces cell apoptosis in vivo
Considering the obvious role of ponatinib against cancer 

cells in vitro, it is worth addressing whether ponatinib has 

similar effects in vivo. We studied the antitumor activity of 

ponatinib in xenograft models using U87MG cells. After 

treatment with ponatinib, mice tumor growth was clearly 

repressed in a dose-dependent manner (Figure 4A). Notably, 

the growth rate of tumors was significantly decreased after 

continuing injections of ponatinib for 13 days (Figure 4A). 

Consistent with reduction of tumor volume, the cell apoptosis 

in tumor tissues identified by TUNEL staining was increased 

after injection of ponatinib (Figure 4B). We also noticed that 

the body weight of mice was not obviously changed after 

ponatinib treatment (Figure 4C), suggesting ponatinib may 

not have other side effects to these mice. Herein, our data 

implicate that ponatinib antagonizes tumor growth by induc-

ing cell apoptosis in vivo.

Discussion
GBM is one of the most common and aggressive brain 

tumors.1–3 Current therapies for glioblastoma consist of 

surgical resection, radiotherapy, and chemotherapy.20,21 For 

elderly patients, chemotherapy is usually employed.22,23 
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Figure 4 Ponatinib suppresses glioblastoma multiforme tumor growth in vivo. 
Notes: (A) after inoculation of U87Mg cells, ponatinib (5 or 10 mg/kg) was injected into the mice every day. The tumors were measured every other day, and tumor volumes are 
shown as indicated. *P,0.05 (two-way anOVa). (B) Ponatinib (5 or 10 mg/kg)-induced cell apoptosis in tumor tissues in vivo was measured by TUnel assay. The representative 
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Abbreviations: anOVa, analysis of variance; TUnel, terminal deoxynucleotidyl transferase-mediated dUTP-digoxigenin nick end-labeling.

The most commonly used drug for elderly patients is temo-

zolomide, which enhances MGMT promoter methylation 

in GBM patients.23 In addition to temozolomide, the RTK, 

EGFR has become a potential target for treatment because 

of its frequent mutations in GBM.24–26 EGFR-targeting 

tyrosine kinase inhibitors, including gefitinib and erlotinib, 

have shown some promising results in preclinical stud-

ies in GBM.27,28 However, the rate of GBM responses to 

gefitinib and erlotinib in patients is pretty low, which may 

be due to small populations with EGFR overexpression or  
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alteration of pathways in EGFR-mutated GBMs.27,28 Therefore, 

other inhibitors have to be developed. Here, we reported 

ponatinib, a multi-targeted tyrosine kinase inhibitor, against 

glioblastoma cells in vitro and in vivo. We demonstrated that 

ponatinib efficiently decreased cell viability and promoted 

cell apoptosis in U87MG cells (Figures 1 and 2). Meanwhile, 

ponatinib inhibited cell migration in U87MG cells (Figure 3).  

In U87MG cell-derived mouse xenograft model, ponatinib 

obviously reduced tumor growth and induced tumor cell 

apoptosis (Figure 4). These findings revealed a role of pona-

tinib against glioblastoma cells both in vitro and in vivo. It 

has been reported that there were four different subtypes of 

GBMs, which had specific molecular signatures.4 Though 

the efficiency of ponatinib is promising in the U87MG glio-

blastoma cell line, its effects in specific subtypes of GBMs 

should be examined in future. In addition, we demonstrated 

the role of ponatinib in mouse xenograft model in axillary 

regions of mice, but did not examine its role on in situ brain 

tumor. Although the non-orthotopic model is widely used in 

glioblastoma studies,29–32 the effects of ponatinib in an ortho-

topic model should be further  examined. Reports have also 

suggested that the current anti-RTK drugs such as gefitinib 

and erlotinib usually need high dose (1–10 µM) to induce dra-

matic decrease of cell viability and increase of cell  apoptosis 

in U87MG cells;33,34 while in this study we noticed that even a 

very low dose of ponatinib (12.5 nM) could obviously decrease 

cell viability and induce cell apoptosis (Figures 1–3). These 

findings may implicate the different efficiency of ponatinib 

and other RTK inhibitors against glioblastoma cells. Thus, 

it is interesting to compare the efficiency of ponatinib with 

current anti-RTK drugs in preclinical experiments.

In chronic myelogenous leukemia (CML) and 

 Philadelphia-positive acute lymphoblastic leukemia (Ph+ 

ALL), the primary target of ponatinib is BCR-ABL, an abnor-

mal tyrosine kinase.17 BCR-ABL protein inhibits apoptosis35 

and accelerates cell division in CML.36 Here, we found that 

ponatinib induced cell apoptosis and prevented cell growth in 

GBM (Figures 1–4). This behavior of ponatinib is similar to 

its role in CML and Ph+ ALL, suggesting that ponatinib may 

antagonize glioblastoma cells through a similar mechanism. 

There are several advantages for ponatinib as a potential 

drug in clinical treatment of leukemia. First, the efficiency of 

ponatinib against resistant or intolerant CML and Ph+ ALL 

has been reported.37 Second, ponatinib can be used in CML 

and Ph+ ALL with a variety of known mutations and no muta-

tions.38 Considering the advantages and the similar effects 

of ponatinib in CML/Ph+ ALL and GBM, ponatinib may 

be potentially applied in resistant GBM and heterogeneous 

GBM with different mutations. On the other side, there are 

also potential disadvantages of ponatinib because of its risk 

in threatening blood clots and narrowing of blood vessels as 

reported by the US Food and Drug Administration. Thus, 

the application of ponatinib as a clinical drug against tumors 

should be carefully evaluated in future.

In conclusion, our study assessed the effects of ponatinib 

in reduction of cell viability and induction of cell apoptosis in 

a human glioblastoma cell line and in a glioblastoma cell-de-

rived mouse xenograft model. These results support ponatinib 

as a chemotherapeutic option against glioblastoma cells.
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