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METHODS 
Reagents and Antibodies: The IGF-1 receptor Inhibitor, Tyrphostin AG 1024 was 
purchased from CalBiochem.  
 Cell lines and culture : Human GB cell lines SF767, SNB19, T98G, U118, U251 and 
U87 were maintained in RPMI medium at 37C in a humidified incubator with 5% CO2.  
IGF-1R Inhibitor treatment: The effect of Tyrphostin AG 1024 on cell proliferation, 
migration and survival in vitro were examined following application of the inhibitor to the 
known number of cells for various periods of time. Endogenous levels of phosphorylated 
alpha, beta and total IGF-1R were determined in all 6 cell lines prior to inhibitor 
application using Western blot technique. Results were not normalized for density.  
 Effect of IGF-1R inhibition on cell survival : After incubation in serum free media for 24 
hours, appr. 800,000 cells were subjected to various levels of the Tyrphostin AG1024 
with DMSO control for a period of 1 hour (12.5 µM, 25 µM and 50 µM). Levels of p-IGF-
1R-beta and phosphorylated AKT were determined by Western blot using the 
appropriate antibodies to observe inhibition and cell survival.  
 Effect of IGF-1R inhibition on cell migration: Appr. 400,000 cells were incubated for 24 
hours and then subjected to various concentrations of the inhibitor (12.5 µM, 25 µM, 50 
µM) with vehicle control (0 µM) for a period of 24 and 48 hrs. Drug treatment with serum 
was repeated at 24 hours for continuous drug effect. Migration rate was calculated 
manually.  
 Effects of IGF-1R inhibition on cell proliferation : Known number (appr. 1000 per well) 
from each cell line were subjected to various concentration of the inhibitor (0 µM, 12.5 
µM, 25 µM and 50 µM) and inhibitor with temozolomide (TMZ, TMZ + 12.5 µM AG1024, 
TMZ + 25 µM AG 1024, TMZ + 50 µM AG 1024) to observe cell proliferation and the 
effect of the sensitization to TMZ. Cells treated with IGF-1R antibody were used as 
control for TMZ treatment group (at concentration of 1.5 microg/mL). Cell number was 
determined at 24 and 48 hrs using AlamarBlue reagent.. Results were normalized to the 
curve plate.  
 Western blot assay : After each treatment, cells from each cell lines were lysed with 
lysis buffer (consisted of SDS buffer, protease inhibitor along with phosphatase inhibitor, 
NaOV and PMSF)  and sonicated. Equal amounts of proteins were analyzed on SDS-
PAGE. Thereafter, proteins were transferred to nitrocellulose membranes and analyzed 
by specific antibodies. Proteins were detected via incubation with appropriate secondary 
antibodies. To determine endogenous levels of phosphorylated IGF-1R and the effects 
of treatment, p-IGF-1R antibody was used. LC3B antibody, marker for autophagy, which 
is a catabolic process for the autophagosomic-lysosomal degradation, was used to 
determine the effects of the treatment on the cell survival along with PARP antibody, 
which is the marker for the apoptosis. Tubulin was used as a control for loading, results 
were not normalized for density.  
 Statistical analysis : The data was presented as the means +/- SD with t-test used for 
statistical comparison. P < 0.05 was accepted as statistically significant.  
 

ABSTRACT 
Glioblastoma (GB) is the most common primary brain 
tumor, distinctive by its aggressive, highly invasive, 
angiogenic and necrotic presentation. The Insulin-like 
growth factor pathway plays an important role in 
cancer cell proliferation, survival and migration. In 
this study, we tested glioma cells response to IGF1R 
inhibition and whether the response is dependent on 
the endogenous levels of pIGF1R β. We used a small 
molecule inhibitor of IGF1R, Tyrphostin AG1024, to 
test for dose-dependent apoptosis and for 
sensitization to the combination treatment with 
temozolomide. We also observed that glioma cell 
migration and proliferation may depend on the 
endogenous level of pIGF1R β. Because IGF1R is 
widely expressed in healthy and malignant cells, 
development of therapeutic uses for IGF1R-inhibitors 
will require defining additional genomic or proteomic 
characteristics that would confer differential 
vulnerability between tumor and normal cells.  
Further investigation is needed in determine the 
molecular predictors of a glioma cell’s response to 
IGF1R inhibition.   
 

DISCUSSION 
In this study we investigated how IGF1R signaling effects glioma cell 
survival, migration and proliferation. Initially we found that protein levels 
of p-IGF1R-β vary in 6 glioma cell lines. SF767, U118 and T98G glioma 
cells had significantly higher endogenous levels of p-IGF1-R-beta than 
SNB19, U251 and U87 glioma  cells . We also found that the levels of 
p-IGF1-R alpha and total IGF1-R were less variable among the 6 
glioma cell lines. Knowing that the binding of IGF-1 induces 
autophosphorylation of the IGF1 Receptor β chain and thereby 
stimulates activation of intracellular pathways, we predicted that 
response to IGF1-R inhibition will vary based on the levels of the 
endogenous p-IGF1-R-beta proteins in glioma cell lines. Moreover, 
even though levels of IGF1-R were found to be overexpressed in many 
tumors, including GBs, it seems that  p-IGF1-R-beta expression vary. 
This finding may help in distinguishing tumors that will have better 
response to IGF1-R inhibition therapy. 
We used Tyrphostin AG 1024 in this investigation based on its effect 
of specifically targeting IGF-1 receptor. First of all we found that  levels 
of p-IGF-1R-beta decrease with Tyrphostin AG1024 treatment with the 
optimal reduction at 25 µM in 1 hour of treatment. This confirms the 
effects of the Tyrphostin AG1024 inhibitor on the p-IGF-1R-beta in 
glioma cells and since IGF1-R signaling involved in suppression of 
apoptosis, cell proliferation, migration, we predicted that these 
processes are decreased with IGF1-R inhibition therapy.  We also 
observed that the levels of pAKT, marker of growth-factor associated 
cell survival, was elevated compared to not treated cells across all the 
treated samples. Multiple studies in the past showed that IGF1-R 
inhibition induces a decreased expression of p-AKT and therefore 
induce apoptosis. We can explain our finding by saying that sometimes 
cells in the process of apoptosis upregulate their cell survival 
mechanisms which lead to increase in proteins that are known markers 
for cell survival. 
 Using LC3B-II as a marker for autophagy induced apoptosis,  our 
investigation found that Tyrphostin AG 1024 IGF1R inhibitor therapy 
increased apoptosis.  Autophagy is a catabolic process involving cell 
degradation via lysosomes. We observed that autophagy was induced 
with the drug treatment in dose dependent manner, suggesting that 
more autophagy was induced at the higher dose of the inhibitor. 
It has been shown previously that IGF1-R inhibition affects cell 
migration (8), we investigated possible effects of the endogenous 
levels of  p-IGF1R-β on cell migration with the inhibition therapy. We 
found that glioma cell migration following the treatment with various 
concentrations of Tyrphostin AG1024 is dependent on endogenous 
levels of p-IGF1R-β (See Figure 7). We observed that SF767 glioma 
cells with endogenously high levels of p-IGF1R-β, showed inhibition in 
cell migration after treatments with the inhibitor while SNB19 glioma 
cells with endogenously low levels of p-IGF1R-β, showed insignificant 
change in migration rate.  

RESULTS 

CONCLUSION 

The relevance of IGF1-R to cancer pathophysiology 
is now widely accepted and is investigated by 
multiple companies as a target in cancer treatment 
(12). Because it is so widely expressed, it is 
important to define certain subtype of the receptor 
which can act as a predictor in the response to the 
therapy. Moreover, it is important to investigate for 
possible biomarkers that can also be used as a 
predictor in the response to the therapy. Investigating 
response to various inhibitors as well as combination 
treatments in gliomas with various endogenous 
levels of the IGF1-R along with possible downstream 
signaling pathways can play a role in future 
therapeutics development. 
 

INTRODUCTION 
Glioblastoma Multiforme (GBM) is the most common, 
aggressive and highly malignant astrocytic brain tumor 
affecting mainly adults in their 20s – 70s, with an annual 
incidence of 1/33,330.  
Prevalence of GBM is at 1/100,000 with mortality rate of 6 
per 100,000 in United States. 
All treatments are palliative and include surgery as a first 
line treatment, followed by radiotherapy combined with 
chemotherapy.  
Overall prognosis is poor, median survival rate of the 
patients receiving radiotherapy combined with chemotherapy 
is 14 months. 
Tumors such as breast, prostate, pancreatic, ovarian and 
many others rely on IGF system for growth, proliferation and 
resistance to anti-tumor therapies. Modern clinical research 
focuses on identification of biomarkers. Currently, there are 
few Phase I/II clinical trials investigating new therapies that 
target IGF1R via monoclonal antibodies and  clinical data 
available for one small molecule inhibitor (INSM 18). 
IGF-1 Receptor is composed of two α and two β 
heterotetramers held together by disulfide bonds. Its ligand 
binds to cysteine-rich α-subunit and leads to signal 
transmission through the transmembrane domain on β-
subunit leading to stimulation of tyrosine kinase activity. 
The focus of this study is to gain insight into how IGF1R 
signaling drives glioma cell survival, migration and 
proliferation in order to predict whether or not a patient 
would respond to IGF1R targeted therapies. 
 
 

 

 

 

 

 

 

 

 

Figure 1. Protein levels of phospho-IGF1R-β vary in 6 glioma 
cell lines. Western blot showed that SF767, U118 and T98G glioma 
cells had significantly higher endogenous levels of p-IGF1R-β than 
SNB19, U251 and U87 glioma cells.  Levels of p-IGF1R-α and total 
IGF1R were  only modestly different among the 6 glioma cell lines. 
Samples were not normalized for band density. 

 
 
 
 
 
 
 
 
 
 
 

Figure 2. Protein levels of phospho-IGF1R and phospho-AKT 
following treatment with the small molecule inhibitor Tyrphostin AG1024 in 
U118 glioma cells.  Cells were treated with Tyrphostin AG1024 at various 
concentrations for a period of 30 minutes and 1 hour. Proteins from each sample 
were collected and Western blot showed reduced levels of pIGF1R and 
increased levels of pAKT following Tyrphostin AG1024 treatment. Data suggested 
that Tyrphostin AG1024 had effect on pIGF1R at all concentrations, while 
showing the strongest effect at 25 µM in 1 hour of treatment. pAKT, marker of 
growth-factor associated cell survival, was elevated compared to un-treated cells 
across all the treated samples and showed the highest levels with the increased 
concentration and increased duration of the treatment (50 µM at 1 hour being the 
highest). Samples were not normalized for band density. 

 

 

 

 

 

 

 

Figure 3. Glioma cell migration following the treatment 
with various concentrations of Tyrphostin AG1024 may be 
dependent on endogenous levels of p-IGF1R-β.  SF767 and 
SNB19  glioma cells lines were placed in a migration assay, let 
attach for a period of 24 hour, then treated with various 
concentrations of Tyrphostin AG1024 and migration rate was 
measured 24 hours following the treatment. SF 767glioma cells 
with endogenously high levels of p-IGF1R-β, showed decreased 
cell migration after treatments with the inhibitor, with the most 
significant decrease at the dose of 25 µM. SNB19 glioma cells with 
endogenously low levels of p-IGF1R-β, showed insignificant 
change in migration rate.  
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Figure 4. Autophagy (LC3B-II) cleavage (autophagy)  in U118 
glioma cells following  the treatment with Tyrphostin AG 1024 
IGF1R inhibitor for 30 minutes. Cells were treated with Tyrphostin 
AG1024 at various concentrations for a period of 30 minutes. 
Proteins from each sample were collected and Western blot showed 
that autophagy was induced by drug treatment in dose dependent 
manner. Samples were not normalized for band density. 
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