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miR-497 may enhance the sensitivity of non-small cell lung cancer
cells to gefitinib through targeting the insulin-like growth factor-1
receptor
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Background: Recently, studies have demonstrated that microRNNA-497 (miR-497) plays an important role
in modulating tumor cell sensitivity to chemotherapeutic drugs; however, its role in cellular resistance to the
effects of epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) in treatment of non-
small cell lung cancer (NSCLC) is not fully understood. In this study, we explored the potential of miR-497
in targeting the insulin-like growth factor-1 receptor (IGF-1R) signaling pathways to overcome gefitinib
resistance.

Methods: A gefitinib resistant human lung adenocarcinoma A549 cell line (A549/GR) was established by
the method of gefitinib mutagenesis culture. Next, the A549/GR cells were transfected with miR-497 mimics
to establish an miR-497 overexpression model, designated A549/GR-miR497-mimic. MTT assay was used
to assess cell resistance to gefitinib, and western blot assay was employed to evaluate alterations of IGF-1R
and the AK'T1 signaling pathway.

Results: We found that A549/GR-miR497-mimic cells IC50 =33.76+0.97 pmol/L) were more sensitive to
gefitinib than the control group (P<0.01). In addition, the expression levels of IGF-1R and phosphorylated
AKT1 (p-AKT1) in A549/GR-miR497-mimic cells were reduced.

Conclusions: We demonstrated that miR-497 may have the effect of reversing gefitinib resistance and
increasing the sensitivity of NSCLC cells to EGFR-TKIs by inhibiting the expression of IGF-1R and
reducing activation of the downstream AKT signaling pathway. Thus, miR-497 plays a vital role in the
acquired resistance to EGFR-TKIs, and it may represent a potential therapeutic strategy to treat NSCLC
exhibiting resistance to EGFR-TKIs.
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Introduction

Lung cancer remains the leading cause of cancer death
worldwide. In 2012, an estimated 1.8 million new lung
cancer cases were diagnosed, accounting for about 13%
of all new cancers (1,2). In China, as the most frequently
diagnosed cancer, lung cancer account for about 23.86%
of all new cancers (3). Due to the lack of early screening
of lung cancer, most patients have been diagnosed late
and missed the best opportunity for surgical treatment.
Currently, in addition to traditional therapy, molecular
targeted drugs achieve good clinical efficacy in the treatment
of these late diagnosed lung cancer patients. The most
common molecular targeted drugs are epidermal growth
factor receptor tyrosine kinase inhibitors (EGFR-TKIs) such
as gefitinib, afatinib, erlotinib and AZD9291 (4).

The EGFR-TKIs can inhibit the phosphorylation of
EGFR and block its activation, thus interfering with the
activation of Ras-Raf-MEK-ERK, PI3K-AKT and JAK-
STAT. By mediating these 3 main signal transduction
pathways, EGFR can ultimately inhibit the proliferation,
differentiation, invasion, and metastasis of tumor cells.
However, advanced lung cancer patients undergoing
continuous EGFR-TKI treatment show a progression-
free survival of only 9-13 months, and eventually develop
disease progression and acquired resistance to EGFR-
TKIs (5). Subsequently, based on the great potential
therapeutic value of EGFR-TKIs in advanced lung cancer,
it is important to study and overcome the EGFR-TKI
resistance. Recent studies have shown that the mechanisms
underlying acquired resistance to EGFR-TKIs include
secondary EGFR mutations, abnormal activation of
non-EGFR-dependent signal transduction pathway and
downstream signaling molecules (such as PI3K and JAK2)
mediated by EGFR, phenotypic transformation (such as
epithelial-mesenchymal transformation and phenotypic
transformation of small cell lung cancer) (6).

"The insulin-like growth factor-1 receptor (IGF-1R), similar
to the insulin receptor, is a transmembrane tyrosine kinase
receptor. When combined with insulin-like growth factors
(IGFs), IGF-1R can be activated by autophosphorylation,
inducing its downstream Ras-Raf-MEK-ERK and PI3K-
AKT signaling pathways. Ultimately, IGF-1R can regulate
cell proliferation, differentiation, growth and development,
metabolism, and anti-apoptotic processes (7). When 1GF-
IR is abnormally expressed, the downstream PI3K-AKT
signaling pathway is abnormally activated as the non-
EGFR-dependent signal transduction pathway, and then
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lead to acquired resistance to EGFR-TKI in non-small cell
lung cancer (NSCLC) (8). Guix has shown that gefitinib
can significantly reduce the phosphorylation of EGFR,
ErbB-3 and Erk in gefitinib-resistant tumor cells in which
IGF-1R is abnormally activated, but cannot decrease the
phosphorylation of AKT. However, after inhibiting the
activity of IGF-1R, the PI3K-AKT signaling pathway can
be inhibited, and the growth of the tumor cells can be
decreased (9). It is suggested that the abnormal activation
of IGF-1R may further activate the PI3K-AKT signaling
pathway and induce resistance to EGFR-TKIs. Moreover,
recent studies have found that microRNA (miRNA) plays
an important regulatory role in this process. For example,
miRNA-21 can promote acquired resistance to EGFR-
TKIs in NSCLC cells by abnormally activating PI3K-AKT
signals (10); whereas, miRNA-200b can reduce the activity
of the PI3K-AKT signaling pathway by inhibiting the
expression of IGF-1R, and ultimately enhance the sensitivity
of tumor cells to gefitinib (11). Our previous study
demonstrated that the expression of some miRNAs, which
was detected by a miRNA microarray assay, was increased
after IGF-1R was silenced by small interfering RNA
(siRNA) in A549/GR cells that had obtained resistance to
gefitinib. One of the most significantly increased miRNAs
was miR-497, which was correlated with the acquisition of
resistance to gefitinib in NSCLC (12), but its mechanism of
action is not clear.

To investigate the relationship between miR-497 and
acquired gefitinib resistance in NSCLC and the associated
mechanism, we developed an A549/GR cell line of NSCLC
with acquired gefitinib resistance. The cells were induced
and cultured in vitro, and overexpressed with miR-497.
After that, the changes in drug resistance and the expression
levels of IGF-1R and p-AKTT1 proteins were detected in
order to further understand the possible mechanism of
interaction between miR-497 and acquired EGFR-TKI
resistance in NSCLC.

Methods
Cell lines and reagents

The human lung adenocarcinoma A549 cell line was
purchased from the Sun Yat-sen University Experimental
Animal Center Cell Bank and cultured in RPMI-1640
medium (Gibco, USA) with 10% newborn bovine serum
(Ausgenex, Australia) and 100 U/mL penicillin/streptomycin
(Sigma-Aldrich, USA). Gefitinib (R&D Systems, USA) was
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Table 1 Preparation of gefitinib culture medium with different concentrations
Concentration of gefitinib (uM)

Component

0 25 5.0 10.0 20.0 30.0 40.0 60.0 80.0 120.0
RPMI-1640 culture medium (mL) 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
DMSO (uL) 6.00 5.75 5.50 5.00 4.00 3.00 2.00 0 0 0
40 mmol/L gefitinib storage solution (uL) 0 0.25 0.50 1.00 2.00 3.00 4.00 6.00 8.00 12.00

DMSO, dimethyl sulfoxide.

dissolved by dimethyl sulfoxide (DMSO) and stored at -20 °C.
RiboFECT™CP transfection reagents, miR-497-mimic,
and miR-497-NC were purchased from Guangzhou Ruibo
Biotechnology Co. (China). IGF-1R and GAPDH antibody
were purchased from Proteintech (USA), and p-AKT1
antibody was purchased from Abcam (UK).

Establishment of gefitinib-resistant AS49/GR cell line

The A549 cell line acquired gefitinib resistance following
12 months of exposure to gradually increasing concentrations
of gefitinib and grew stably in medium with 40 pM gefitinib.
All cells were cultured at 37 °C in a humidified atmosphere
of 95% air/5% CO,.

Drug resistance of AS49/GR cells

A549 and A549/GR cells in the logarithmic growth phase
were each individually inoculated into a 96-well cell culture
plate. Different concentrations of gefitinib (2.5, 5.0, 10.0,
20.0, 30.0, 40.0, 60.0, 80.0 and 120.0 uM; as Tuble 1)
were added to the RPMI-1640 culture medium. For the
negative control and blank groups, the same amount of
culture medium and PBS, respectively, were added instead
of gefitinib. The cells were placed in an incubator for
conventional culture. After 72 h, the viability of cells was
detected by M'T'T assay, and then the absorbance [optical
density (OD)] of each hole at the wavelength of 570 nm
was measured by a microplate reader. Three parallel wells
were measured in each group, and the experiment was
repeated 3 times. The cell survival rate of each hole was
calculated according to the following formula: cell survival
rate (%) = (drug group OD - blank group OD)/(negative
control group OD - blank group OD) x100%. A linear
regression method between the logarithmic value of drug
concentration and the corresponding cell survival rate was
used to calculate the half inhibitory concentration (IC50)
of the drug. The resistance index (RI) was calculated to
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determine cell resistance (RI = IC50 value of drug-resistant
cells/IC50 value of parent cells).

Western blot analysis

Total protein was extracted from the A549 and A549/
GR cells using radio immunoprecipitation assay (RIPA)
buffer and quantified with a BCA protein assay kit (Beijing
Dingguo Changsheng Biotechnology Co. Ltd, China).
The proteins were separated by electrophoresis in 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) gels and transferred onto polyvinylidene
difluoride (PVDF) membranes. The membranes were then
blocked for 2 h at room temperature with 5% skim milk
and subsequently incubated overnight at 4 °C in a shaking
bed with the following antibodies: polyclonal rabbit anti-
IGF-1R (1:5,000), polyclonal rabbit anti-phosphorylated
(p-)Akt (1:3,000), and polyclonal rabbit anti-GAPDH
(1:10,000). Following 3 washes with Tris-buffered saline
containing Tween-20, the membranes were incubated with
the secondary antibody, anti-rabbit IgG (1:5,000), for 1 h
at room temperature. The blots were visualized using
enhanced chemiluminescence (ECL) and analyzed by the
Tanon 5200 chemiluminescence imaging system. The gray-
scale value of each protein band was measured with the
Image]. GAPDH was probed as the reference of internal
control. All the data were normalized to the signal of

GAPDH.

Cell transfection

Based on the A549/GR cell line, the A549/GR-miR497-
mimic group was transfected with miR-497 mimics
(sequence: GAGCAGCACACUGUGGUUUGU) by
RiboFECT™CP transfection reagent. miR-497-NC, that
contained a sequence that lacked homology with other
miRNA, was transfected under identical conditions into
A549/GR cells as the negative control and designated
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Figure 1 Cell viability curves of A549 and A549/GR cells.
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Figure 2 Expression level of IGF-1R and p-AKTT1 protein in A549

and A549/GR cells (*, P<0.05 vs. A549 cells).

the A549/GR-miR497-NC group. The A549/GR group
represented the A549/GR cell line without transfection.
The 3 groups were prepared in a 96-well plate, respectively,
and cultured for 24 h. The transfection efficiency
was observed under an inverted fluorescence electron
microscope.

Detection of drug resistance by MTT assay

The old cell culture media were discarded and replaced
with culture media containing various concentrations of
gefitinib. After 72-h culture, the survival rate of the cells
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was determined by MTT assay, and the IC50 of each cell

line was calculated.

Expression of IGF-1R and p-AKT1 by western blot

A549/GR cells in the logarithmic growth stage were divided
into 3 groups and inoculated at 2x10’/well into 6-well
cell culture plates. After 24-h culture, the transfection of
miR-497-mimic and miR-497-NC was performed with
RiboFECT™CP transfection reagent. Then, the A549/
GR-miR497-mimic, A549/GR-miR497-NC, and A549/
GR groups were placed into a cell incubator and cultured
for 48 h. The expression of IGF-1R and p-AKT1 in each
experimental group was detected by western blot assay after
total protein extraction with RIPA buffer.

Statistical analysis

The statistical analysis of the experimental results was
carried out with SPSS 13.0 statistical software. Quantitative
data are presented as the mean = standard deviation
(SD). The results were compared and analyzed with the
t-test between the two groups. The differences among
groups were compared with one-way ANOVA. A value of
P<0.05 was considered to indicate a statistically significant
difference. All experiments were independently repeated at
least 3 times.

Results
Establisbment of gefitinib-resistant A549/GR cell line

The MTT assay results showed that the survival rate
of A549 and A549/GR cells decreased gradually with
increasing gefitinib concentration, but the survival rate of
AS549/GR cells was higher than that of A549 cells (Figure I).
The IC50 of A549 and A549/GR cells was significantly
different at 8.90+£0.48 and 51.96+2.39 pmol/L, respectively
(P<0.01). The drug RI of A549/GR was 5.84, indicating
that the A549/GR cell line was successfully established.

Expression of IGF-1R and p-AKT1 proteins in A549/GR
and A549 cells

The expression level of IGF-1R protein in the A549/GR
cell line was higher than that in the A549 cell line (P<0.05),
and the expression of p-AKT1 also significantly increased
(P<0.05) (Figure 2).
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Figure 3 Microscopic observation of A549/GR-miR497-mimic cells. (A) Morphology of A549/GR-miR497-mimic cells under white light
(x200); (B) morphology of cells in the same field of view under 555-nm excitation (x200).
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Figure 4 Cell viability curves of A549/GR-miR497-mimic, A549/
GR-miR497-NC, and A549/GR cells.

miR-497 overexpression in A549/GR cells

The miR-497-mimic labeled with Cy3 dye emits red
fluorescence at the excitation wavelength of 555 nm.
Uniform red fluorescence was observed in the cytoplasm
of the cells under a fluorescence microscope (as shown

in Figure 3), indicated that the miR-497-mimic was
successfully transfected into the A549/GR cells.

Overexpression of miR-497 enbances the sensitivity of
AS549/GR cells to gefitinib

The results of MT'T assay showed that the cell survival rate
of the A549/GR-miR497-mimic, A549/GR-miR497-NC,
and A549/GR groups decreased gradually with the increase
in gefitinib concentration, but the cell survival rate of the
A549/GR-miR497-mimic group decreased faster than that
of the negative control and blank control group (Figure 4).
Then, we calculated the IC50 of each group that A549/GR-
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miR497-mimic cells were 33.76+0.97 pmol/L, A549/GR-
miR497-NC cells were 51.84£2.50 pmol/L and A549/GR
cells were 52.55+0.53 pmol/L. The statistical analysis of
IC50 among the 3 groups revealed a significant difference
between the cells of the A549/GR-miR497-mimic group
and the negative control group (P<0.01), and between
the cells of the A549/GR-miR497-mimic group and the
blank control group (P<0.01), but no significant difference
between cells of the negative control group and blank
control group was observed (P>0.05).

miR-497 inbibits IGF-1R/AKT signaling

The expression level of IGR-1R and p-AKT1 protein in
the A549/GR-miR497-mimic cell line was lower than that
in the A549/GR-miR497-NC and A549/GR cell lines
(Figure 5). Specifically, the expression of IGF-1R protein
was 0.75 times lower than that in the negative control
group (P=0.018), while the expression of p-AKT1 was
0.69 times lower than that in the negative control group
(P=0.010). In contrast, there was no significant difference
in the expression of IGF-1R and p-AKT1 protein between
the A549/GR-miR497-NC and A549/GR group cells
(P>0.05). Therefore, miR-497 may inhibit the IGF-1R/
AKT signaling pathway by targeting IGF-1R.

Discussion

miRNAs are single-stranded noncoding RNAs of 19—
25 nucleotides in length and encoded by endogenous genes.
The main mechanism of miRNAs involves interference
with the translation of the target gene and regulation of the
expression of the target gene by complete or incomplete
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complementation of the mRNA. miRNAs are not only
involved in cellular functions, including differentiation,
proliferation, and apoptosis, but also play important roles in
tumor initiation and progression. Research has shown that
miR-17-92 clusters (including miR-17, 18a, 19a, 19b, 20a,
and 92a), the miR-183 family (including miR-183 and 182),
miR-21, and miR-494 can promote the occurrence and
development of NSCLC (13-17). On the contrary, the
development of NSCLC was inhibited by miR-7, miR-34b,
miR-449a, miR-223, and others (18-21). It is evident that
miRNA plays a bidirectional role in the development of
NSCLC. Recent researches also demonstrate that miRNA
is closely related to the occurrence of acquired EGFR-TKI
resistance in patients with NSCLC. Zhang et a/. found that
miR-223 can increase the resistance of NSCLC cells to
erlotinib by regulating the FBXW?7 signaling pathway (22).
On the contrary, Li et al. showed that NSCLC patients
with high expression of miR-200c were more sensitive to
treatment with gefitinib or erlotinib (23). Further studies
have revealed that miR-200c can increase the sensitivity
of drug-resistant NSCLC cells to gefitinib by inhibiting
activation of the PI3K/AKT signaling pathway (24). In
addition, the results of Izumchenko showed that miR-200
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can negatively regulate the expression of mitogen-inducible
gene 6 (MIGO) protein to reverse the resistance to erlotinib
in NSCLC cells (25). Therefore, miRNA can also regulate
the EGFR-TKI resistance of NSCLC in both directions.

miR-497 is a tumor-suppressive miRNA that has been
reported in various types of cancer such as NSCLC, breast
cancer, osteosarcoma, cervical cancer, bladder cancer, and
ovarian cancer (26-31). Recent studies have found that
miR-497 is also involved in the regulation of sensitivity to
chemotherapeutic drugs. In colorectal cancer, miR-497 can
regulate the expression of proto-oncogene KSRI and then
enhance the sensitivity of cancer cells to 5-fluorouracil (32).
Moreover, the high expression of miR-497 in ovarian cancer
can reduce the resistance of tumor cells to cisplatin (33). In
addition, studies have shown that miR-497 can modulate
the sensitivity of NSCLC to chemotherapeutic drugs. Zhu
et al. found a significant decrease in the expression of miR-
497 in a human lung adenocarcinoma A549 cell line with
multidrug resistance (MDR) to chemotherapeutics. Then
they found that the high expression of miR-497 restored
the sensitivity to vincristine and cisplatin in the multidrug-
resistant A549 cells and promoted apoptosis compared
with those in cells with low expression of miR-497 (34).
However, the role of miR-497 in resistance to EGFR-TKIs
in NSCLC during targeted molecular therapy remained
unclear. In the present study, we found that miR-497 could
also regulate the resistance of NSCLC to gefitinib, which is
an EGFR-TKI. Figure 4 reveals a significant difference in
the response to gefitinib between the A549/GR-miR497-
mimic and A549/GR-miR497-NC cells, indicating that
miR-497, which was a promoter of tumor cell apoptosis,
could enhance the sensitivity of resistant cells to gefitinib.
Therefore, miR-497 may reverse EGFR-TKI resistance
in NSCLC. Yet, the mechanisms that miR-497 regulate
the resistance of NSCLC to gefitinib were still need to be
elucidated.

To illuminate the underlying mechanisms involved in
the miR-497-induced apoptosis of A549/GR cells, we
detected the expression of related proteins by western blot
and found that the expression of IGF-1R and p-AKT1
in A549/GR-miR497-mimic cells was lower than that in
the negative control cells. Related research has indicated
that IGF-1R is a target of miR-497; specifically, miR-497
can modulate the expression of IGF-1R and reduce the
activity of its downstream signaling pathway to inhibit the
growth of liver cancer and osteosarcoma cells (35-37). To
further corroborate this, Luo et 4l. confirmed that miR-
497 can directly inhibit the translation of mRNA into
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IGF-1R protein by incomplete binding with the 3'UTR
sequence of IGF-1R mRNA, resulting in the decrease in
IGF-1R protein expression and further inhibition of the
activation of its downstream PI3K-AKT signal transduction
pathway (38). Combined with the results of our study, it was
concluded that the overexpression of miR-497 can inhibit
the expression of IGF-1R protein and further block the
activation of downstream AKT'1 signaling in the NSCLC
A549/GR cells. In addition, it was found that miR-497 can
restore the sensitivity of tumor cells to chemotherapeutic
drugs by inhibiting the expression of IGF-1R protein. In
the study of colorectal cancer, overexpression of miR-497
could inhibit the expression of IGF-1R and its downstream
PI3K-AKT signaling pathway, which not only plays a
role in inhibiting the proliferation of tumor cells but also
promotes the apoptosis of tumor cells induced by cisplatin
and S-fluorouracil (39). In the study of pancreatic cancer,
it was also determined that the overexpression of miR-
497 restores the sensitivity of pancreatic cancer cells to
gemcitabine by regulating the expression of IGF-1R protein
and activation of the AKT pathway (40). The current study
suggested that miR-497 can affect not only the response
of tumor cells to chemotherapeutic drugs but also the
resistance of tumor cells to EGFR-TKI drugs by regulating
the expression of IGF-1R protein and its downstream AKT
signaling pathway.

At present, numerous studies have confirmed that
miRNA can reverse the resistance to EGFR-TKI drugs in
NSCLC by inhibiting the IGF-1R signaling pathway. For
example, miR-200b can reduce the activity of the PI3K-
AKT and MAPK signaling pathways by inhibiting the
expression of IGF-1R, ultimately promoting gefitinib-
induced proliferation inhibition and apoptosis (11). miR-
30a-5p can also restore the sensitivity of NSCLC cells to
EGFR-TKIs by inhibiting the expression of IGF-1R and
its downstream PI3K-AKT signaling pathway (41). Zhao
et al. enhanced the expression of miR-223 by lentiviral
transfection of NSCLC cells and found that miR-223 can
reverse the resistance of cells to erlotinib by inhibiting the
expression of IGF-1R and phosphorylation of AKT, thus
restoring the sensitivity of NSCLC cells to erlotinib (42). In
the present study, we observed that the expression of IGF-
IR and p-AKT1 protein was lower in gefitinib-resistant
NSCLC cells with high expression of miR-497, and the
sensitivity of resistant cells to gefitinib was increased. It is
suggested that miR-497, as a miRNA, can reverse the drug
resistance of NSCLC cells by inhibiting the expression
of IGF-1R protein and blocking the activation of its
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downstream AKT1 signaling pathway, thus enhance the
sensitivity of drug-resistant cells to gefitinib.

Nevertheless, there are some limitations in the present
study. We have not analyzed the expression of RAS, RAF,
MEK and ERK proteins. Thus, it was not known whether
miR-497 can interfere with the activation of RAS-RAF-
MEK-ERK signaling pathway by inhibiting the expression
of IGF-1R or not. In addition, our research, which only
explored with A549 cell line, has not repeated the results
with other lung cancer cell lines. This should influence the
extrapolation of miR-497 effects found in this study to all
lung cancer cell lines. However, miR-497 did decrease the
expression of IGF-1R and AKT1 proteins, and thus enhance
the sensitivity of A549/GR cells to gefitinib. Therefore,
further studies are warranted to validate our findings.

In conclusion, abnormal activation of IGF-1R and
its downstream AKT signaling pathway can promote
acquisition of gefitinib resistance by NSCLC cells to
bypass EGFR blocking. However, increased miR-497 level
may inhibit activation of the AK'T1 pathway caused by
IGF-1R, representing a potential biomarker of gefitinib-
resistant NSCLC. Thus, the overexpression of miR-497 in
EGFR-TKI-resistant NSCLC may prove to be beneficial.
These results suggested a promising therapeutic strategy
against acquired resistance to EGFR-TKIs in NSCLC.
Nonetheless, additional potential links and interaction
mechanisms between miR-497 and acquired EGFR-TKI

resistance should be further explored.
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