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Abstract: To investigate the inhibition effect of polyethylene glycol interferon α-2b and imatinib alone or combina-
tion on imatinib-resistant GIST cell lines, and to explore the possible mechanism. Imatinib resistant GIST cell lines 
(GIST-R) were exposured to either Peg-IFNα-2b or imatinib alone or combination. The proliferative inhibition rates 
and the combination index (CI) values of GIST-R cells were detected by MTT assay. The apoptotic rates of GIST-R 
cells were detected by flow cytometry. The expression levels of phospho-mammalian target of rapamycin (p-mTOR), 
and Bcl-2 of GIST-R cells were analyzed by Western blot. GIST-R cells presents remarkable resistance to imatinib, 
and the resistance index (RI) were (P<0.05). And The proliferative inhibition rate and the apoptotic rate of GIST-R 
cells in combination of Peg-IFNα2b and Imatinib group were higher than those in Peg-IFNα-2b or imatinib alone 
group (P<0.05). The CI value of Peg-IFNα-2b and imatinib was less than each alone, which had a synergistic effect 
(CI=0.63). As compared with the control (GIST-R cells without any treatment), the expression levels of p-mTOR and 
Bcl-2 proteins of GIST-R cells in combination of Peg-IFNα-2b and imatinib group were decreased (P<0.01). The com-
bination of Peg-IFNα-2b and imatinib generats a synergistic effect in GIST-R cells, and reversal of drug resistance. 
This effect may be related with apoptosis and down-regulation of the expression of p-mTOR.
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Introduction

The gastrointestinal stromal tumor (GIST) is the 
most common mesenchymal tissue endoge-
nous tumor. It accounts for 1.1% of the malig-
nant tumors of the gastrovascular system, of 
which, 80% to 90% are mutated in the fibro-
blast growth factor receptor gene, KIT, 5% to 
10% are mutated in the blood platelet endoge-
nous growth factor receptor, and another 5% to 
10% are mutated in the wild type KIT and 
PDGFRα gene [1]. Imatinib mesylate (IM) has 
been the first recommended for GIST therapy. 
Gleeve can inhibit selectively the combination 
of KIT, BCR-ABL and PDGFR. IM to the ATP bind-
ing site in the tyrosine kinase (PTK) functional 
domain in cytoplasm, interdict the signal trans-
duction to the phosphate group from ATP to the 
protein substrate, inhibit the cell proliferation 
and recover the normal apoptosis. But almost 

all of the patients for whom the initial therapy 
was effective will present progress of the state 
of an illness after less than 20 months, and 
produce the acquired drug-resistance [2]. The 
main mechanism on the acquired drug-resis-
tance of the gastrointestinal stromal tumors to 
the Imatinib is that the secondary mutation of 
the KIT or PDGFRα gene may result in the alter-
ation of the protein conformation and the 
impediment to the combination of with IM [3, 
4]. Peg-IFNα-2b is one of the covalent conjugate 
of the recombinant human interferon α-2b and 
polyethylene glycol monomethyl oxygen radi-
cals, which has longer plasma half-life and bet-
ter hypotoxicity and tolerance effect resistance, 
is mainly used for the therapy of the chronic 
hepatitis. So we intended to investigate the 
inhibition effect of Peg-IFNα-2b and imatinib on 
imatinib-resistant GIST cell lines, and also to 
explore the possible mechanism.

http://www.ijcep.com


Peg-IFNα-2b with Imatinib treat imatinib-resistant gastrointestinal stromal tumors

11341	 Int J Clin Exp Pathol 2015;8(9):11340-11347

Materials and methods

Materials

Collected the fresh specimens from 5 cases of 
patients receiving biopsy in the Second Xiang-
yak Hospital from December, 2013 to February, 
2014. There into, the patients included three 
cases of male and two cases of female; whose 
average age was 53 years old; the patients 
were administrated orally Imatinibe Mesylate 
(IM) for 11 months averagely. The inclusion cri-
teria to the cases was that: The past c-kit gene 
detection conducted to the patients indicated 
that the exon 11 occurred mutation of the drug 
susceptibility, and the focus progressed or local 
recurred after the treatment by oral administra-
tion of IM, then the c-kit gene detection  
conducted again indicated the secondary 
mutation, of which the mutation domain cen-
tered on the exon 13, 14 and 17. All of the 
patients signed the treatment informed con-
sent and this study was approved by the ethics 
committee for the clinical trial on medicine. The 
GIST-T1 cell line was purchased from the 
Shenzhen Biowit Biotechnology Company. 
Imatinibe Mesylate (IM) is the product manu-
factured by NVS of Switzerland. The Annexin 
V-FITCA apoptosis Detection Kit  was provided 
by the Nan Keygentec Biotechnology Limited 
Company. The rabbit anti human p-mTOR and 
β-actin polyclonal antibody were provided by 
American Cell Signal Technology Company. 

Extraction and culturing of the passage ac-
quired drug-resistant GIST cells  

The GISTs cells were cultured using the human 
cancer cell primary culture kit. Cut the tissue 
specimens from the five cases of GISTs patients 
into pieces and prepared them into pasty, and 
added the Hank’s solution; centrifuged; added 
the Hank’s solution and 10× diluted cell dis-
persing material, let the mixture to react for 2 
hours, and observed the dispersing state of the 
cell aggregate under the optical microscope; 
added the RPMI-1640 cell culture fluid contain-
ing the FCS for terminating reaction; discarded 
the fat and fiber texture from the suspension 
and centrifuged; added equal Hank’s solution 
and RPMI-1640 culture fluid, filtrated the mix-
ture through the filter screen; collected the cell 
suspension, centrifuged for recovering the  
precipitation; suspended the recovered cell in 
the pre-culture solution PCM-1 again, and 

transferred the suspension into the cell culture 
bottle coated with type I collagen gel, and 
placed the bottles to culture for 24 h, and then 
discarded the hemolytic and the dead cell and 
yielded the cell precipitation by centrifuging. 
After conducted three times of cell passage 
operation, the drug-resistant cell line was 
named as GIST-R.

Detecting the cell activity by means of the MTT 
method and the half maximal inhibitory con-
centration of a substance (IC50)

Fetched the cell lines of GIST-T1 and GIST-R at 
the logarithmic phase respectively, digested 
them to be the cell suspension containing 
3×104 cells per mL. After the adherence of the 
cell, the alone drug group was added Imatinib 
and Peg-IFNα-2b at different concentrations of 
0.0, 2.5, 5, 10, 20, 40 μmol/L and 0.0, 1×103, 
2×103, 4×103, 8×103 and 16×103 U/mL respec-
tively. Placed in the 37°C, 5% CO2 incubator 
and culturing for 48 h, then added 20 mL of 
MTT into each holes (5 mg/mL), added 150 ml 
of DMSO into each hole, detected the absor-
bance value of each well (A) at wave length of 
492 nm and calculated the average value. 
Calculated the resistance index (RI)=IC50 of the 
drug-resistant cell line/IC50 of the parental gen-
eration cell line. Three repeats were tested.

Assaying the apoptosis rate of the cell by 
means of the flow cytometry

Collected the GIST-R cell at logarithmic phase. 
The experimental grouping and medication 
were as following: the experiment consisted of 
the control group (which contained only cells 
and culture solution and not drug), IM adminis-
tration group (at the concentration of 10 
μmol/L), Peg-IFNα-2b administration group (the 
final concentration was 4×103 U/mL) and the 
drug combination group. After 24 h, digested 
the cells with pancreatin and collected the 
cells, added the combined buffer solution to 
suspend the cells again to prepare the cell sus-
pension, adjusted the cell density to 1×106 

cells/Ml. Drewg 100 μL of cell suspension, 
added 5 μL of Annexin Ⅴ-FITC and 5 μL of prop-
idium iodide (PI) to the suspension, blended 
these components, incubated the mixture away 
from light at the room temperature, added the 
combination 400 μL of buffer solution, ana-
lyzed them on the FCM immediately. Set the 
zero value using the unstained cell, tested the 
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data for each tube loaded the sample for the 
percentage of the apoptotic cell using the 
Annexin Ⅴ-FITC simple staining tube and the PI 
simple staining tube as the standard control. 
Three repeats were tested.

Assaying the protein expression level for the 
p-mTOR gene and Bcl-2 gene with Western 
blotting

Conducted the experiment with the GIST-R cell 
at the logarithmic phase, and the method of 
experimental grouping and medication were 
the same as those of section 1.2.3. After treat-
ing the cells for 24 h, collected the cells of each 
groups, and extracted the total protein (TP) of 
the cell. detected the expression of the p-mTOR 
protein and Bcl-2 protein by means of the 
Western blotting respectively: transferred the 
cell TP to the polyvinylidene difluoride (PVDF) 
film after 8% SDS-PAGE electrophoretic separa-
tion, blocked the protein with the TBST solution 
containing 0.5% skim milk powder, added the 
antibody for Mammalian Target Of Rapamycin 
(mTOR) resisting phosphorylation diluted at the 
ratio of 1:2000 and the antibody for Bcl-2 and 
β-actin (the internal reference) diluted at the 
ratio of 1:1000, incubated at 4°C for the night, 
rinsed three times with TBST, then added DAB 
for coloration; exposed under light for develop-
ment. Three repeats were tested. Analyzed the 
gray value of the protein bands with the Image 
J software, showed the relative expression level 
of the aimed protein with the ratio of the gray 
value of the aimed protein bands to the gray 
value of internal reference β-actin protein.

the difference is with the statistical signifi- 
cance.

Results

Effect of the administration of Peg-IFNα-2b 
and Imatinib to the cell proliferation of GIST-T1 
and GIST-R 

The assay result of the MTT method showed 
that: alone administrating with Peg-IFNα-2b 
hadn’t significant inhibition effect to the prolif-
eration of the GIST-T1 and GIST-R cell lines of 
uniformly; Imatinib was drug-resistant at high 
degree to the GIST-R cell line, of which the pro-
liferation inhibition effect was lower than to the 
sensitive GIST-T1 cell line, the RI is 46.14 (Table 
1). The inhibition effect to the proliferation of 
the GIST-R cell caused by Peg-IFNα-2b and 
Imatinib respectively were significantly higher 
than each alone drug group, and the resistance 
index (RI=14.79) were significantly less than 
the Imatinib group (Table 1). By calculating the 
CI value of each drug concentration group, it 
was found that the CI value of the drug combi-
nation groups at different obvious drug concen-
tration were uniformly 0.79 and which indicated 
the significant synergistic effect (Table 2).

Peg-IFNα-2b and Imatinib promoted the apop-
tosis of the GIST-R cell

The assay result of the FCM method (Figure 1) 
showed that, the apoptosis rate of the GIST-R 
cell in the control group was 2.70%±0.62%, 
that of the GIST-R cell in the Imatinib group and 
Peg-IFNα-2b group were 9.5%±1.57% and 
5.66%±0.76% respectively and that of the 
GIST-R cell in the drug combination group was 
16.06%±3.24%. The cell apoptosis rate in the 
drug combination administration group was 
greater than the drug alone administration 
groups, and the difference was with statistical 
significance (P<0.05). The above result indicat-
ed that Peg-IFNα-2b and Imatinib had obvious 
effect of promoting the apoptosis of GIST-R 
cell.

Table 1. The IC50 and RI of Peg-IFNα-2b and imatinib alone or 
combination on GIST-R cell lines
Drugs GIST-T1 IC50 (μmol/L) GIST-R IC50 (μmol/L) RI

IM 0.75 34.65 46.14
Peg-IFNα 2b - - -
Peg-IFNα 2b+IM 0.68 10.06 14.79

Table 2. The CI of Different concentrations of 
Peg-IFNα-2b and imatinib on GIST-R cell lines
Peg-IFNα 2b+IM c/(U/ml+μmol/L) CI
1×103+2.5 1.23
2×103+5.0 0.95
4×103+10 0.73
8×103+20 0.42
16×103+40 0.64

Statistical treatment

Expressed the numerical value ± 
the standard deviation (mean ± 
SD), conducted the statistical 
analysis with SPSS11.5 software. 
In the statistical comparing with 
the pair t-test, P<0.05 meant that 
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Figure 1. The apoptosis of GIST-R cells 
was detected by FCM assay. A: Control 
group; B: IM group; C: Peg-IFNα-2b 
group; D: Peg-IFNα-2b and IM group.
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(P<0.05); the GIST-R protein expression level in 
the PC9/GR cell of the drug combination treat-
ment group was significantly down-regulated 
and lower than that in the singe drug group of 
Imatinib, where the difference was with statisti-
cal significance (P<0.05). At the same time, 
compared with the control group and singe 
drug group of Peg-IFNα-2b and Imatinib respec-
tively, the Bcl-2 protein expression level in the 
GIST-R cell of the Peg-IFNα-2b and Imatinib 
combination group where the difference was 
with statistical significance (P<0.05). The result 
indicated that the combination treatment of 
Peg-IFNα-2b and Imatinib down-regulated the 
expression level of the p-mTOR protein and 
Bcl-2 protein in the Imatinib resistant line 
significantly.

Discussion

It was pointed out by the study on the two inter-
national famous clinical trials USS0033 and 
EORTC62005 following the Imatinib resistance 
that, if the disease progress, the patients of 
400 mg/d dose group were distributed to the 
high dose group of 800 mg/d [5, 6]. But it was 
found in the clinical practice that the tolerance 
of Chinese in the 800 mg/d Imatinib treatment 
group was rather poor. In order to resolve the 
drug resistance problem of GIST to IM, many 
kinds of new type molecular targeted drug for 
treating GIST had been developed one after the 
other, such as sunitinib [7], dasatinib [8], nilo-
tinib [9] and sorafnib [10], and so on. Because 
of the diversity in mutation and the different 
sensibility of the drug to different mutation, the 
combination of the new type molecular target-
ed drug and IM may extend the scope of the 
targeted therapy, but the evaluation to the clini-
cal safety and feasibility were still at early clini-
cal trial stage at present.

Along with the increasing importance to the 
immunotherapy, the stem cells which can 
enhance the antineoplastic immunity itself to 
help to eradicate the derivative clone and pos-
sesses the ability of self-renewal became the 
new pattern concerned. IFNα may combine the 
autoimmunity and the adaptation acquired 
immunity by means of promoting the maturity 
of Dendritic Cell (DC), antigen presentation, 
stimulating the generating and gathering of the 
Th1, and improving the rate of the cloning and 
amplification and survival rate of DC. IFNα-
2bpossesses extensive antiviral, antineoplas-

Figure 2. The expression levels of p-mTOR and Bcl-
2 of GIST-R cells in different treatment groups were 
analyzed by Western. A: Protein blotting stripe. B: The 
relative content of mTOR protein. C: The relative con-
tent of Bcl-2 protein. 1: Control group; 2: IM group; 
3: Peg-IFNα-2b group; 4: Peg-IFNα-2b and IM group.

Protein expression of p-mTOR and Bcl-2 after 
treating the GIST-R cell with Peg-IFNα-2b and 
Imatinib

The assay result of the Western blotting meth-
od (Figure 2) showed that, compared with the 
control group, the p-mTOR protein expression 
level in the GIST-R cell of the Imatinib treatment 
group was significantly down-regulated, where 
the difference was with statistical significance 
(P<0.05), the p-mTOR protein expression level 
in the GIST-R cell of the Peg-IFNα-2b treatment 
group was significantly up-regulated, where the 
difference was with statistical significance 
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tic and immunoregulation effect, which may 
treat the hepatitis B and hepatitis C, the chron-
ic granulocytic leukemia (CGC), the hairy cell 
leukemia, the follicular lymphoma, the renal 
cell carcinoma, the melanin and the Kaposi’s 
sarcoma [11]. The treatment result of to the 
patients with chronic stage chronic myeloge-
nous leukemia with the combination of Gleevec 
600 mg/d and pegylated interferons α-2b indi-
cated that the treatment effect was the overlap 
of that of the two single drug treatments [12, 
13]. Chen [14, 15] reported six cases of III/IV 
phase GIST patients treating with the combina-
tion of Peg-IFNα-2b and IM, and found that 
compared with the classical trial (B2222) treat-
ing GIST with IM alone, the clinical period of 
validity for combination treatment was extend-
ed; the reuse Peg-IFNα-2b in the disease  
progressive stage caused by the IM resistance 
reversed the drug-resistance, and induced the 
second PR phenomenon. Another report stated 
that IM could act on the DC and generate the 
NK cell dependent anticancer effect. The IFNγ 
level of the NK cell can indicate the time to live 
(TTL) of the treatment to the GIST patients with 
IM [16]. If the IFNγ level in the Peripheral Blood 
(PB) is very high, then the treatment of GIST 
may be sufficiently effective [17]. 

We cultured the drug-resistance primary cell of 
the GISTs patient caused by the secondary 
mutation of the C-kit gene and the Imatinib sen-
sitive GIST-T1 and the Imatinib sensitive GIST- 
T1 cell line to simulate the acquired drug-resis-
tance course of the gastrointestinal stromal 
tumor with alone Peg-IFNα-2b or Imatinib or the 
combination intervention by these two compo-
nents. The experiment result demonstrated the 
high drug-resistant of Imatinib to the GIST-R 
cell line, verified the drug-resistance of the 
GIST-R cell line; the Peg-IFNα-2b alone adminis-
tration had not obvious proliferation inhibition 
effect to the GIST-T1 and GIST-R cell line while 
the GIST-R inhibition rate of combination of 
Peg-IFNα-2b and Imatinib to the GIST-R cell line 
was higher than the Imatinib alone administra-
tion, and the resistance index (RI) decreased 
and which demonstrated obvious synergy sen-
sibilization effect (CI=0.79). Furthermore, the 
assay result of FCM demonstrated that, the 
combination administration of Peg-IFNα-2b and 
Imatinib had obvious effect of promoting the 
apoptosis. Thus it was illustrated at the cell 
level that, Peg-IFNα 2b might enhance the inhi-

bition effect of Imatinib to the drug-resistance 
cell line and promote their apoptosis.

The secondary drug-resistance of GIST was 
mainly related to the secondary mutation of 
c-kit/PDGFRA, while the downstream signal 
transduction path PI3K/Akt/mTOR should be 
the main activation path [18]. Phosphorylated 
mTOR exerts the function of centric regulate 
and control point in the proliferation, survival 
and apoptosis. The result of this study demon-
strated that, compared with the control group, 
the p-mTOR protein expression level in the 
GIST-R cell of the Peg-IFNα-2b treatment group 
was up-regulated and that of the Imatinib treat-
ment group was down-regulated, while that 
level in the PC9/GR cell of the drug combina-
tion treatment group was down-regulated to 
lower than the level of the Imatinib alone treat-
ment group. Their downstream signal paths 
were not completely same. the author specu-
lated that, when Peg-IFNα 2 combines Imatinib, 
the signal transduction may be enhanced and 
the targeting of the treatment of Imatinib may 
be improved, which may result in the up-regu-
lated expression level of the p-mTOR protein in 
the GIST-R cell line when alone Peg-IFNα-2b 
administration and the down-regulated expres-
sion level of the p-mTOR protein in the GIST-R 
cell line when Peg-IFNα-2b and Imatinib combi-
nation administration. These result uniformly 
indicated that the Peg-IFNα-2b might enhance 
the sensitivity to Imatinib of the cell and thus 
reverse the drug-resistance by means of influ-
encing the activity of the PI3K/Akt/mTOR path.

All of the genes in the Bcl-2 family are the proto 
oncogenes related to the apoptosis, of which 
the expressed product, Bcl-2 protein is an 
inhibitor of apoptosis protein (IAP) with the 
effect of inhibiting the apoptosis, of which the 
expression may down-regulate the sensitivity  
of the cancer cell to apoptosis [19]. The study 
result demonstrated that, Peg-IFNα-2b and 
Imatinib can down-regulate the expression 
level of the Bcl-2 protein respectively at differ-
ent degree, and the combination of Peg-IFNα-
2b and Imatinib can down-regulate the expres-
sion level of the Bcl-2 protein in the GIST-R cell. 
This result showed that the enhancement of 
the apoptosis of the GIST-R cell in the combina-
tion of Peg-IFNα-2b and Imatinib administration 
might be related to the down-regulated expres-
sion of the Bcl-2 protein.
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This study result demonstrated that, the combi-
nation of Peg-IFNα-2b and Imatinib administra-
tion generated excellent inhibiting effect to the 
secondary Imatinib-resistant GISTs cell line, 
Peg-IFNα-2b had obvious synergetic sensibili-
zation effect and reversed the drug-resistance, 
furthermore, this effect might be related to 
affecting the activity of the PI3K/Akt/mTOR 
path, the down-regulation of the expression 
level of the p-mTOR protein and the induction to 
the apoptosis. The Peg-IFNα-2b and Imatinib 
combination administration may be considered 
as a medicine choice for Imatinib resistant 
GISTs cells, and may provide certain experi-
mental basis for the clinical treatment to the 
Imatinib resistant GIST patients, of which the 
clinical application is awaiting the further evi-
dence-based medicine verification with large 
sample. 

Conclusions

The combination of Peg-IFNα-2b and imatinib 
generates a synergistic effect in GIST-R cells. 
This effect may be related with apoptosis and 
down-regulation the expression of p-mTOR.
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