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Abstract: Non small cell lung cancer (NSCLC) accounts for 85% of all lung cancers and is the most common cause of 
lung cancer death. Currently, the epidermal growth factor receptor inhibitor gefitinib is widely used for patients with 
advanced NSCLC. However, drug resistance is a major obstacle. Mig-6 is a feedback inhibitor of EGFR and its down-
stream pathway; it has been shown to play a role in gefitinib sensitivity. There is neither systematical research on 
the relationship between Mig-6 expression and gefitinib sensitivity, nor has the contribution of up-regulated Mig-6 
on the gefitinib-resistant cell lines. In the present work, four NSCLC cell lines (H1299, A549, PC-9, and PC-9/AB11) 
with different sensitivities to gefitinib were subjected to analysis of the expression of Mig-6. We found that Mig-6 is 
over-expressed in gefitinib-sensitive NSCLC cell lines, but is low in gefitinib-resistant NSCLC cell lines. Further analy-
sis revealed that over-expression of Mig-6 increased cell apoptosis and inhibited proliferation of gefitinib-resistant 
NSCLC cells treated with gefitinib, whereas lowering the expression of Mig-6 decreased cell apoptosis and promoted 
cell proliferation after treatment with gefitinib in gefitinib-sensitive NSCLC cell lines. These results suggest that Mig-
6 is involved in mediating the response to gefitinib in NSCLC cell lines. Additionally we demonstrated that Mig-6 
could reverse gefitinib resistance through inhibition of EGFR/ERK pathway in NSCLC cells. Our work uncovered that 
Mig-6 may be an effective therapeutic target in gefitinib-resistant lung cancer patients.
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Introduction

Lung cancer is the leading cause of cancer 
deaths worldwide. Non small cell lung cancer 
(NSCLC) accounts for 85% of all lung cancers 
and is the most common cause of lung cancer 
death. Most of lung cancer patients are diag-
nosed at an advanced stage with extremely 
poor prognoses. With the elucidation of the 
molecular abnormalities in NSCLC, much hope 
has been laid on epidermal growth factor 
receptor (EGFR) tyrosine kinase inhibitors 
(TKIs), such as gefitinib [1]. Thus, gefitinib have 
been suggested for use as a first line therapy 
for patients with NSCLC harboring EGFR muta-
tions [2]. Despite gefitinib has improved pro-
gression-free and overall survival in patients, 
drug resistance remained a big problem to 
affect the patient survival [3].

Previous studies have proposed several aber-
rant signaling pathways are associated with the 
sensitivity of NSCLC cells to gefitinib, such as 
PI3K/Akt/mTOR pathway, Ras/Raf/MAPK path-
way [4]. Another study found phosphorylation 
levels of the EGFR downstream proteins inhib-
ited by gefitinib is large between gefitinib sensi-
tive and resistant cells [5]. These all indicated 
that inhibiting the down-stream pathway of 
EGFR could be an effective way to increase the 
sensitivity of NSCLC cells to gefitinib.

Mitogen-inducible gene 6 (Mig-6), an immedi-
ate early response gene, is a specific negative 
regulator of EGFR. Down-regulation of Mig-6 
was found in various tumor tissues [6-8]. Mig-6 
binds to EGFR family tyrosine kinase via its 
EGFR-binding domain thus leading to inhibition 
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of EGFR autophosphorylation and reduced 
MAPK activity [9, 10]. Mig-6 can restore down-
regulation of oncogenic EGFR molecules that 
escape ubiquitylation [11]. Mig-6 can also 
inhibit the binding of EGFR to Shc, which 
enhances the synergistic effect of Mig-6 and 
gefitinib [5]. However, to date there has no sys-
tematic evaluation of the role of Mig-6 in gefi-
tinib resistance in NSCLC cells.

In this study, we demonstrated that Mig-6 is 
overexpressed in gefitinib-sensitive PC-9 cell 
lines, but not gefitinib resistant NSCLC cell 
lines. Up-regulated Mig-6 was found to increase 
the sensitivity of NSCLC cells to gefitinib-
induced proliferation, inhibition and apoptosis, 
while down-regulated Mig-6 led to gefitinib 
resistance. Moreover, we also determined that 
Mig-6 mediates gefitinib sensitization by inhib-
iting EGFR/ERK pathway.

Materials and methods

Cell culture

H1299, A549 cell lines were purchased from 
ATCC, PC-9 and PC-9 gefitinib resistant (PC-9/
AB11) were gifts from Shanghai Pulmonary 
Hospital of Tongji University, China. Cells are 
maintained in RPMI 1640 or DMEM medium 
supplemented with 10% FBS (Hyclone) in a 5% 
CO2 incubator at 37°C with saturated humidity. 
Gefitinib was purchased from Astra Zeneca 
(Britain). One table of gefitinib was dissolved 
into 22.37 mL DMSO to prepare 25 mM mother 
solution. It takes 0.1 mL mother solution, by 
adding 100 mL DMEM medium, to make 25 μM 
working solution (final concentration of DMSO 
< 0.1%), which does not cause the cell biologi-
cal properties change. Add 0.05 μM gefitinib 
culture to maintain PC9/AB11 drug resistance. 
Add DMSO into the culture of sensitive cell line 
PC9. Cells in the exponential growth phase 
were used for all experiments.

Cell proliferation assay

Cell proliferation assay was performed using 
Cell Counting Kit-8® solution (Dojindo, Gai- 

thersburg, MD) according to the manufacturer’s 
protocol. Briefly, cells were seeded at a concen-
tration of 5×103 cells/100 µl/well in 96-well 
culture plates and treated with 10 μl/well of 
Cell Counting Kit-8® solution during the last 4 
hours of the culture. Optical density of the wells 
was measured at 450 nm using a microplate 
reader. Each treatment was assayed in tripli-
cate in the same experiment.

Quantitative real-time PCR (SYBR Green 
method)

Quantitative real-time PCR was performed 
using SYBR Green PCR master mix (Applied 
Biosystems) in a total volume of 20 μl on 
7900HT Fast Real-Time PCR System (Applied 
Biosystems) as follows: 95°C for 30 seconds, 
40 cycles of 95°C for 5 seconds, 60°C for 30 
seconds. A dissociation step was performed to 
generate a melting curve to confirm the speci-
ficity of the amplification. β-actin was used as 
the reference gene. The relative levels of gene 
expression were represented as ΔCt=Ctgene-
Ctreference, and the fold change of gene expres-
sion was calculated by the 2-ΔΔCt method. The 
primer sequences are provided in Table 1, 
Experiments were repeated in triplicate.

Western blot analysis

Total proteins from cell lines were extracted in 
a lysis buffer (Thermo Fisher Scientific, 
Rockford, IL) and quantified using the Bradford 
method. Fifty micrograms of protein were sepa-
rated by SDS-PAGE (12%). After transferring, 
the polyvinylidene fluoride (PVDF) membranes 
(Millipore, Billerica, MA, USA) were incubated 
overnight at 4°C with the following antibodies 
Mig-6 (1: 1000; protein tech), β-actin (1: 000; 
Santa Cruz Biotechnology, Santa Cruz, CA), an- 
ti-phospho-ERK, anti-phospho-EGFR (1: 1000; 
Cell Signaling Technology, Danvers, MA). After 
incubation with peroxidase-coupled anti-mouse 
or rabbit IgG (Santa Cruz Biotechnology) at 
37°C for 2 hours, bound proteins were visual-
ized using ECL (Thermo Fisher Scientific) and 
detected using Chemidoc XRS+ (Bio-rad, USA). 
The relative protein levels were calculated 
based on β-actin as the loading control.

Cell apoptosis experiments

Apoptosis was detected using an Annexin 
V-FITC/PI double staining Kit (KeyGEN, Nanjing, 

Table 1. Primer sequences
Name Primer sequences
ACTIN forward 5’-ATAGCACAGCCTGGATAGCAACGTAC-3’
ACTIN reverse 5’-CACCTTCTACAATGAGCTGCGTGTG-3’
Mig-6 forward 5’-TCTTCCACCGTTGCCAATCT-3’
Mig-6 reverse 5’-TTCGCCTGCCAGGAACATC-3’
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Figure 1. Four NSCLC cell lines exhibited different sensitivity to gefitinib and different expression level of Mig-6. A. 
H1299, A549, PC9 and PC9/AB11 were treated with different dose of gefitinib, as indicated. Seventy-two hours 
later cell proliferation rates were detected by CCK-8 assay. The error bar represents the standard deviation (SD); B. 
The expressions of Mig-6 were detected in H1299, A549, PC9 and PC9/AB11 cells by western blot; C. The expres-
sions of Mig-6 were detected in H1299, A549, PC9 and PC9/AB11 cells by Real-time PCR.

China). Cells were harvested and washed twice 
with cold PBS by gentle shaking. Cells were 
then resuspended and added to Binding buffer 
(1×); cell density was adjusted to 2-5×105/mL. 
In the dark, 5 μL Annexin V-FITC was added to 
the cell suspension volume of 195 μL and incu-
bated for 10 min at room temperature before 
the addition of 190 μL Binding buffer (1×) and 
10 μL PI. Ten thousand events per sample were 
acquired using a FACS-scan flow cytometer 
(Becton-Dickinson, San Jose, CA, USA) and the 
percentage of cell apoptosis was analyzed 
using CellQuest analysis software (Becton- 
Dickinson).

Statistical analysis

SPSS version 19.0 for Windows was used for all 
analyses. Student’s t-test was used to compare 
differences between groups. P-values were 
based on the two-sided statistical analysis and 
P < 0.05 was considered to indicate statistical 
significance.

Results

Different expression of Mig-6 in four NSCLC 
cell lines has relationship with their different 
sensitivity to gefitinib

H1299, A549, gefitinib-sensitive (PC9) and PC9 
gefitinib-resistant (PC9/AB11) cells were treat-

ed with different doses of gefitinib (0.01 μM, 
0.1 μM, 1 μM, 5 μM, 10 μM, and 20 μM) and 
cell proliferation rate was detected by the CCK8 
assay. The results showed that PC9 cell lines 
were sensitive to gefitinib whereas H1299, 
A549 and PC9/AB11 were relatively resistant 
(Figure 1A). We further examined the expres-
sion of Mig-6 in four NSCLC cell lines by Real 
time-PCR or western blot. Mig-6 was high 
expression in gefitinib-sensitive cell line PC9. In 
contrast, Mig-6 expression was significantly 
lower in the gefitinib-resistant cell lines, H1299, 
A549 and PC9/AB11 (Figure 1B and 1C).

Mig-6 overcomes gefitinib resistant in NSCLC 
cell lines

To verify the relationship between Mig-6 expres-
sion and the sensitivity to gefitinib in different 
cell lines, Mig-6 over-expression and knock-
down experiment were launched. We examined 
transfection efficiency by protein expression 
levels after 48h of transfection treatment 
(Figure 2A). We next analyzed the effect of 
Mig-6 on the proliferation rates of gefitinib-
resistant cells after gefitinib treatment using 
the CCK8 assay. We found that transfection of 
H1299, A549, and PC9/AB11 with Mig-6 plas-
mid significantly promoted gefitinib-mediated 
growth inhibition to different degrees. At the 
same time proliferation of cells transfected 
with siMig-6 was increased in a dose-depen-
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dent fashion compared with that of cells trans-
fected with NC after gefitinib treatment in PC9 
cell line (Figure 2B). Thus, together these find-
ings suggest that Mig-6 is involved in mediating 
the response to gefitinib in NSCLC cell lines.

In NSCLC cell lines, Mig-6 regulate the sen-
sitivity to gefitinib through inhibit EGFR/ERK 
pathway

We further studied transfection of Mig-6 affect-
ing the proliferation, apoptosis level after gefi-

tinib treatment and the possible pathway. After 
transfection with Mig-6, as well as added 10 
μM gefitinib, cell proliferation rate was deter-
mined by CCK-8 assay for 5 days. Compared to 
the PC group, tansfection of Mig-6 can signifi-
cant improve gefitinib induced the cell growth 
inhibiting (Figure 3A). Similar to the prolifera-
tion results, gefitinib induced cell apoptosis 
rates of Mig-6 transfection group is much high-
er than PC group (H1299 empty vector versus 
Mig-6 plasmid: 10.34±2.22% versus 33.78± 
4.26%, P < 0.05; A549 empty vector versus 

Figure 2. The sensitivity to gefitinib was changed by up-regulated or down-regulated of Mig-6 in lung cancer cells. A. 
Western blots analysis of Mig-6 transfection efficiency in H1299, A549 and PC9/AB11 and knock down efficiency of 
Mig-6 siRNA in the PC9 cell lines; B. After transfection with Mig-6 plasmid or siRNA for 48 h, cell proliferation rates 
were detected by CCK-8 assay.
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Figure 3. Mig-6 prompts H1299, A549 sensitivity to gefitinib by regulating EGFR/ERK pathway. A. H1299 and A549 cells were transfected with pcDNA3 vector-, or 
pcDNA3-Mig-6 over-expression vector-, for 24 h, then 10 μM gefitinib was added, cell proliferation rates were detected by CCK-8 assay for five days; B. H1299 and 
A549 cells were transfected with pcDNA3 vector-, or pcDNA3-Mig-6 over-expression vector-, for 24 h, then 10 μM gefitinib were added another 24 h before detected. 
The percentage of apoptotic cells is expressed as the mean + SD of three independent experiments. *P < 0.05; C. After transfected with pcDNA3 vector-, or pcDNA3-
Mig-6 over-expression vector-, for 24 h, and added 10 μM gefitinib another 24 h, levels of p-EGFR and p-ERK were determined by using Western blot analysis.
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Mig-6 plasmid: 8.75±2.56% versus 20±3.36%, 
P < 0.05) (Figure 3B). Mig-6 is the feedback 
factor of EGFR pathway that has been proved in 
many studies. Now, we want to explore whether 
this pathway is contributed to the synergy of 
Mig-6 and gefitinib. As show in Figure 3C, trans-
fection of Mig-6 can reduce the expression of 
P-EGFR and P-ERK. At the same time gefitinib-
induced P-EGFR and P-ERK inhibitions were sig-
nificant in Mig-6 transfected cell lines, but not 
in PC group. Mig-6-induced increase in the gefi-
tinib sensitivity was at least partly by EGFR 
pathway in NSCLC cell lines.

Mig-6 reverses gefitinib resistance through in-
hibition of EGFR/ERK pathway in NSCLC cells

Next, we employed Mig-6 over-expression study 
in PC-9 and PC-9/AB11 cell lines. Before trans-
fection of Mig-6 plasmid, the proliferation rate 
of PC-9/AB11 was much higher that PC-9 after 
1 μM gefitinib treatment. In PC-9/AB11 the lev-
els of P-EGFR and P-ERK were also much higher 
than PC-9, which indicated the activation of 
EGFR/ERK pathway. After transfection of Mig-6 
plasmid, the proliferation rate of PC-9/AB11 
was decreased as well as the level of P-EGFR 
and P-ERK. After transfection of Mig-6, the cell 
proliferation rate and the activity of EGFR/ERK 
pathway in PC-9/AB11 with the treatment of 
gefitinib became the same as gefitinib sensitive 
cell line PC-9 (Figure 4).

Discussion

Gefitinib is a tyrosine kinase inhibitor selective 
for the EGFR patients [12]. EGFR mutation-pos-
itive is concerned suitable for targeted therapy 
[13]. Despite promising progress was made in 
gefitinib treatment in NSCLC. A series of prob-
lem remains challenging: (1) Only a subgroup of 
patients had EGFR mutation-positive [14]. (2) 
Not all patients with activating EGFR mutations, 
such as delE746-A750 (exon 19) and L858R 
(exon 21), have demonstrated high clinical re-
sponse to gefitinib [1, 15, 16]. (3) Almost all pa-
tients develop acquired resistance to gefitinib 
in 9 to 11 months [17]. How to overcome prima-
ry and secondary drug resistant to gefitinib in 
NSCLC is an urgent problem need to be solved.

The mechanism of gefitinib resistant had been 
studied recent years, including: Mutation in co-
don 790 (T790M) in EGFR exon 20 [18], MET 
amplication /overexpression [19], HGF over-
expression [20], and the activation of down-
stream signaling pathways of EGFR such as 
the RAS/RAF/MEK/ERK and PI3K/AKT/mTOR 
pathways [21]. Mig-6 can also effectively inhibit 
the RAS/RAF/MEK/ERK and PI3K/AKT/mTOR 
pathways in many type of cancer [8, 22, 23]. 
These reports indicated Mig-6 may influence 
tumor cell sensitivity to gefitinib, but no such 
studies launched.

Figure 4. Mig-6 reverses gefitinib-resistance through inhibiting EGFR/ERK pathway. A. PC9/AB11 was transfected 
with PC (pcDNA3 vector) or Mig-6, after 24 h, cells were treated with 1 μM gefitinib, cell proliferation rates were 
measured by CCK8 assay 24 h later; B. PC9/AB11 was transfected with PC (pcDNA3 vector) or Mig-6, after 24 h, 
cells were treated with 1 μM gefitinib, levels of p-EGFR and p-ERK were measured by western blot 24 h later.
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In this study, we evaluated the expression of 
Mig-6 in four different NSCLC cell lines and 
their sensitivity to gefitinib. Mig-6 was overex-
pression in gefitinib-sensitive NSCLC cell lines 
PC-9 but was low in gefitinib-resistant NSCLC 
cell lines. Further study show that up-regulate 
Mig-6 can increase the proliferation inhibiting 
and apoptosis treated by gefitinib, however, 
down-regulate of Mig-6 can decrease the pro-
liferation inhibiting and apoptosis treated by ge-
fitinib in NSCLC cell lines. Mig-6 also inhibiting 
the activity of EGFR/ERK pathway in gefitinib 
treated NSCLC cell lines. Mig-6 overcomes gefi-
tinib resistant in NSCLC via EGFR/ERK pathway 
in gefitinib-resistant cell line PC-9/AB11. The 
combination of Mig-6 and gefitinib has a syn-
ergistic effect in inhibiting cell proliferation and 
increase cell apoptosis.

Clinically, EGFR exon 19 deletions (delE746-
A750) is one of the most robust predictive bio-
marker for symptom improvement when gefi-
tinib is used for patients with advanced NSCLC 
[24]. Previous study show that both PC-9 and 
PC-9/AB11 harbor EGFR exon 19 deletions 
[25]. However, there is a great difference 
between the two cells lines for sensitivity to 
gefitinib. This indicated there are other factors 
influence cancer cell sensitivity to gefitinib. In 
this research, in gefitinib sensitive PC-9 cell 
line, the Mig-6 level is higher than those three 
gefitinib resistant cell lines. H1299 is relative 
sensitive to gefitinib in three gefitinib resistant 
cell lines, and its Mig-6 expression level is 
much higher than other two cell lines. Taken 
together the Mig-6 expression may have a posi-
tive relationship with the sensitivity to gefitinib 
in NSCLC, which needed to be further 
investigation.

In conclusion, our work suggests that the level 
of Mig-6 may affect the cell sensitivity to gefi-
tinib in NSCLC. In gefitinib resistant cell line up-
regulation of Mig-6 may reverses gefitinib resis-
tant through inhibiting EGFR/ERK pathway. 
Mig-6 may become potential predictors of 
tumor cell sensitivity to gefitinib.
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