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Introduction 

Insulin like growth factor (IGF) signaling has 
crucial roles in the progress of cancer (1-3). Its 
overexpression is associated with proliferation, 
metastasis, chemo and radioresistance in many 
cancer types such as ovarian, breast and colorectal 
(4-6).  

IGF binds and activates to insulin like growth 
factor receptor (IGF-1R). IGF-1R activation 
triggers the signaling pathways that mediates 
proliferation, cell survival and metastasis (7). 
Insulin receptor substrate 1 (IRS1) is the main 
adaptor molecule that interacts with IGF-1R after 
ligand binding. IGF-1R phosphorylates tyrosine 
residues of IRS1 that leads to activation of IRS1 
proteins. Activated IRS1 induces the activation of 
AKT and MAPK proteins that regulates metabolic 
and proliferative functions of the cells (8,9). 
Therefore, IRS1 overexpression is an important 
factor in tumorigenesis. 

Although, functions of IGFR pathway have been 
well-explored in cancer during recent years (7), its 

effects on radiotherapy remain unclear. 
Radiotherapy is one of the main therapeutic 
approach used in cancer treatment (10,11). 
Ionizing radiation induces different cell death 
mechanisms through different damages in DNA. 
These damages could be oxidizing of DNA bases, 
single strand and double strand breaks and 
activation of different signaling pathways 
including IGF-1R (12,13). IGF-1R overexpression 
is known to inhibit radiation-induced cell death in 
mouse embryo fibroblast whereas its down-
regulation was shown to increase apoptosis (14). 
In addition to IGF-1R overexpression, elevation 
of IRS1 expression also induced radioresistance in 
estrogen receptor-positive breast cancer cell line 
(15). Overexpression IRS1 induced resistance to 
activation-cell death in T-Cell Hybridoma (16). 
Clinical results confirmed these in vitro studies 
too. Many clinical studies showed that IGF-1R 
overexpression is correlated with disease 
recurrence after radiotherapy in breast cancer and 
cervical cancer patients (17,18). Glioblastoma 
multiforme (GBM) 
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Increased level of expression of IRS1 and IGF-1R proteins are associated with many human malignancies. They also 
induced resistance to therapeutic approaches such as chemo- and radiotherapy in cancer treatment however their molecular 
mechanisms are still unclear. Glioblastoma Multiforme (GBM) is the most common primary brain tumor in adults and 
radiotherapy has a pivotal role in its treatment. In this study, it is aimed to determine the relationship between IRS1 
expression and radiosensitivity of GBM cells. Therefore, A172 cells transfected with pcDNA3.1 -HA-tagged human IRS1 
gene. Its overexpression was confirmed by western blot. IRS1 overexpressed A172 cells were irradiated with 5,8 and 10 
Gray ionizing radiation and their effects on cell viability determined by MTT and clonogenic assay. Our results showed 
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Table 1. Statistical analysis between control, mock transfected and IRS1 transfected groups and their 
multiple comparisons 

Groups Factor Mean St. Error 
95% Confidence Intervals 

Min Max 

Control 

24 h 104,359 1,653 100,922 107,796 

48 h 103,072 1,179 100,620 105,524 

72 h 110,397 2,573 105,047 115,748 

Mock 

24 h 104,315 1,653 100,878 107,752 

48 h 99,779 1,179 97,327 102,230 

72 h 108,577 2,573 103,226 113,927 

pcDNAIRS1 

24 h 127,478 1,169 125,048 129,908 

48 h 125,243 ,834 123,510 126,977 

72 h 129,226 1,819 125,443 133,010 

 

Multiple Comparisons 

F1 (I) Group (J) Group p 

24 h 

Control 
Mock ,985 

pcDNA-IRS1 ,001 

Mock 
Control ,985 

pcDNA-IRS1 ,001 

pcDNA-IRS1 
Control ,001 
Mock ,001 

48 h 

Control 
Mock ,062 

pcDNA-IRS1 ,001 

Mock 
Control ,062 

pcDNA-IRS1 ,001 

pcDNA-IRS1 
Control ,001 
Mock ,001 

72 h 

Control 
Mock ,622 

pcDNA-IRS1 ,001 

Mock 
Control ,622 

pcDNA-IRS1 ,001 

pcDNA-IRS1 
Control ,001 
Mock ,001 

 

 
Fig. 1. Overexpression of IRS1 in A172 cells 

is one of the most frequent and aggressive type of 
intracranial tumors and radiotherapy is commonly 
used as a therapeutic approaches in treatment (19). 
Osuka et al. showed that overexpression of IGF-
1R led an increase radioresistance of GBM (20). 
Although there are many studies that showed the 
association between expression of IGF- 1R and 
response to radiotherapy, there is not enough 
information about its molecular mechanisms. In 
this study, it is aimed to determine the effects of 
IRS1 overexpression on radiosentivity of GBM 
cell line. 

Material and Methods 

Reagents and Cell Culture: IRS1 and Beta Actin 
antibodies  were    obtained    from    Santa   Cruz  
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Figure 2. Cell viability levels of A172 and IRS1 overexpressed A172 cells after treatment of 5Gr ( a), 8 Gr (b), 10 
Gr (c) radiation (*p<0.001) 

Biotechnology Inc. (Santa Cruz, CA). Anti-rabbit 
HRP and anti-mouse HRP were purchased from 
BioRad (Hercules, CA). A172 cells, human 
glioblastoma cell line, cultured in Dulbecco’s 
Modified Eagle’s Medium supplemented with 50 
mg/ml streptomycin, 100 mg/ml penicillin, and 1 
mM L-glutamine.  

Transfection: A172 cells were transfected with 10 
ug HA-tagged pcDNA3.1 human IRS1 expression 
vector by TurboFect transfection reagent 
(ThermoFisher Scientific, US) according to 
manufacturer instructions. 

Cell Viability Test: MTT: IRS1 overexpressed, 
mock transfected and control A172 cells were 
plated at 5000 cells/well in 96 well plates with 6 
replicates. After overnight incubation, cells were 
treated with 5, 8 and 10 Gray radiations then  

incubated at 37 oC, 5% CO2 for 24, 48 and 72 
hours. At the end of incubation, 5 mg/ml MTT 
solution was added to each well for 4 hours at 
37°C in an incubator, then medium was removed 
and formazan crystals dissolved in DMSO 

(100 µL). The amount of MTT formazan products 
formed was determined by measuring absorbance 
(A) at 540 nm, with 690 nm as the reference 
wavelength. 

Western Blotting: Control and transfected cells 
were lysed in Triton X-100 buffer containing 50 

mM HEPES, pH 7.0, 150 mM NaCl, 10% 
glycerol, 1.2% Triton X-100, 1.5 mM MgCl2, 1 
mM EGTA, 10 mM sodium pyrophosphate, 100 
mM NaF, 1 mM sodium orthovanadate, 1 mM 
PMSF, 0.15 units/ml aprotinin, 10 μg/ml 
leupeptin, and 10 μg/ml pepstatin A. For western 
blot analysis 75 microgram proteins were 
fractionated by SDS-PAGE, then transferred to 
PVDF membranes. The membranes were blocked 
in 5% skim milk powder in PBST.  The blots were 
labeled with IRS1 antibody. Actin was used as 
loading control for these blots.  Signal intensity on 
blots were determined using the enhanced 
chemiluminescent detection system.  

Colony Forming Assay: IRS1 overexpressed, mock 
transfected and control A172 cells were plated at 
2000 cells/well with double replicates in six well 
plates. After overnight incubation, one of the six 
well plate was treated with 8 Gr radiations and the 
other one was used as a control/untreated group,  
and incubated for 9 days. After incubation, cells 
were fixed by methanol-asetic acid solution and 
stained with 5 mL 0.01% (w/v) crystal violet in 
methanol for 15 min. Colonies were counted with 
Image J software programme.  

Statistical Analysis: All data were presented as 
the mean±SEM from three independent 
experiments for MTT analyses. Each MTT 
analyses   were   performed   with   six   replicates. 
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Fig. 3. Clonogenic assay were performed on control 
A172 cells and transfected IRS1 A172 cells after 8 
Gray irradiation  

Two-way analysis (ANOVA) was used for multiple 
comparison in data analyses. IBM SPSS Statistics 
package version 23.0 was used to evaluate the data 
of the study. 

Results 

Ectopic expression of IRS1 was confirmed by 
western blot analysis and IRS1 transfected 
A172 cells were found to have higher level of 
IRS1 expression compared to mock 
transfected and control group (Figure 1). 

We wanted to determine the effects IRS1 
overexpression on radiation. Therefore, we 
treated A172 cells at 5, 8 and 10 Gray 
radiation and incubated for 24, 48 and 72 
hours. Results showed that overexpression of 
IRS1 led an increase radioresistance of 
glioblastoma cells significantly compared to 
control cells in all incubation groups (Figure 2,  
Table 1) (p<0.05). Effects of radiation 
induced the cell death after 72h and 8 gray 
radiation dose was observed as an effective 
dose for glioblastoma cell lines. It was also 
shown that, radiation treatment had its 
apoptotic activity after 72 hours in IRS1 
overexpression groups. Significant changes in 
cell death between IRS1 overexpression 
groups that were incubated for different time 
lenghts were not observed (Table 1) (p>0.05). 

The differences in viability of all groups were 
assessed by clonogenic assay. Therefore, the 
cells were treated at 8 Gray as an optimum 
dose and incubated for 9 days. Clonogenic 
assay results showed that 8 Gray radiation led 
a decrease level on the survival of all cells 

compared to their untreated groups, however 
IRS1 overexpression group was found to more 
resistant to radiotherapy compare to the other 
groups (Figure 3). In control and mock 
transfected groups, colony numbers decreased 
60% after 8 Gray radiation treatment whereas 
we only 20% decreased was observed in 
colony numbers in IRS1 overexpressing group 
after the same treatment. 

Discussion 

Increased expression levels of IGF-1R and IRS1 
are associated with many human malignancies 
which implies that both of the proteins have a 
pivotal role in carcinogenesis (9,21,22). Recent 
studies have also shown that IGF-1R and IRS1 are 
responsible for the development of chemo- and 
radioresistance in cancer cells but their molecular 
mechanisms have not been discovered yet (23). 
Radiotherapy has a crucial role in glioblastoma 
treatment. However, resistance to radiation is a 
major concern on the treatment of GBM (24). 
Therefore, clarifying the molecular pathways is so 
important to develop new therapeutic options in 
GBM.    

This is the first report that shows the correlation 
between IRS1 overexpression and radioresistance 
in GBM cell line.  Our results showed IRS1 
overexpression significantly induced 
radioresistance in GBM cell line. Ionizing 
radiation produces DNA damage either by single-
strand and double-strand DNA breaks (DSB). 
Radiotherapy induced DNA damage activates 
several pathways including DNA damage response 
to protect the cells against genomic instability (11, 
23). During DNA repairing pathway, IRS1 can 
interact with RAD51 protein that is responsible 
for DSB repairing system (25). In this study, it is 
possible that overexpression of IRS1 may lead an 
increase on the interaction with RAD51 and 
induce DNA repairing system. This molecular 
mechanism could be one of the main reason of 
resistance in A172 cells.  

AKT, MAPK, PI3K and mTOR are the main 
downstream targets of IRS1 protein (26). All these 
proteins promote DNA repair systems through 
different signaling pathways such as XRCC1, 
BRCA1, FANCD2 (27-30). Increasing the level of 
IRS1 in A172 cells may trigger DNA damage 
response system via activation of AKT, mTOR 
and MAPK pathways and these activations may 
result in radioresistance. 
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GLUT1 is widely expressed glucose transporter in 
human tissues (31). GLUT1 overexpression is 
associated with radioresistance in different cancer 
types (32, 33). Its expression is induced by many 
oncogenes such as MAPK and AKT during 
carcinogenesis and hypoxia (31). During insulin 
signaling, glucose uptake rates of the cells is 
regulated by IRS1 proteins through the activation 
of AKT and translocation of GLUT proteins to 
the cell membrane (9). GLUT1 expression could 
be elevated by increased IRS1 expression in A172 
cells and this overexpression may cause to reduce 
the sensitivity to radiotherapy.  

As a summary, overexpression of IRS1 promotes 
resistance to radiotherapy in GBM cells via 
different molecular mechanisms. All these 
mechanisms should be confirmed by further 
molecular analysis and in vivo studies.   
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