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and invading cells, respectively. Luciferase assay showed 
that miR-23a markedly reduced luciferase activities of 
A549 cells co-transfected with plasmids overexpressing 
the 3′ UTR of IRS-1 mRNA (P  <  0.05). Co-transfection 
of A549 cells with miR-23a and plasmids overexpressing 
IRS-1 significantly reduced the increase in the number of 
migrated and invading cells mediated by miR-23a. Immu-
nohistochemistry showed low IRS-1 expression in 26.7 % 
and high IRS-1 expression in 73.3 % of the NSCLC speci-
mens. Kaplan–Meier analysis revealed that the overall sur-
vival and disease-free survival of NSCLC were markedly 
longer in patients with high IRS-1 expression than those 
with low IRS-1 expression (P = 0.002). Multivariate Cox 
regression analysis showed that IRS-1 was an independ-
ent prognostic factor for the overall survival of NSCLC 
patients (RR 0.413 CI 0.238–0.718, P = 0.002).
Conclusions T here is an interaction between miR-23a 
and IRS-1 in the modulation of the migration and invasion 
of NSCLC cells. IRS-1 is variably expressed in NSCLC 
patients and correlates with NSCLC patient survival.

Keywords N on-small cell lung cancer · miR-23a ·  
IRS-1 · Migration and invasion · Overall survival

Introduction

Lung cancer is one of the most frequent and lethal types 
of tumors and accounts for 17 % of total new cancer cases 
and approximately one-fourth of total cancer deaths (Jemal 
et  al. 2011). Non-small cell lung cancers (NSCLCs) are 
composed of adenocarcinoma, squamous cell carcinoma, 
and large cell carcinoma and are responsible for approxi-
mately 85  % of newly found lung cancer cases (Moran 
2011). NSCLC patients are often diagnosed at advanced 

Abstract 
Purpose T o determine the interaction between insulin 
receptor substrate-1 (IRS-1) and miR-23a on the migration 
and invasion of non-small cell lung cancer (NSCLC) cells, 
and to examine IRS-1 expression in NSCLC tissues and its 
correlation with clinicopathologic characteristics.
Methods T he migration and invasion of A549 cells were 
measured using transwell assay. miR-23a levels were 
examined by quantitative reverse transcription-PCR and 
IRS-1 expression by Western blotting. The interaction 
between miR-23a and IRS-1 was examined by luciferase 
reporter assay. IRS-1 expression in 105 NSCLC specimens 
was determined by immunohistochemistry and its corre-
lation with patient clinicopathologic characteristics was 
evaluated.
Results T ranswell assay revealed that miR-23a signifi-
cantly promoted the migration and invasion of A549 cells 
with a 44.0 and 44.6 % increase in the number of migrated 
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stages that are not amenable to surgical intervention. 
Despite recent advances in chemotherapies and molecular-
targeted therapies for lung cancer, the prognosis of NSCLC 
patients is still dismal (Schiller et al. 2002; Ohe et al. 2007; 
Maemondo et al. 2010).

MicroRNAs (miRNAs) are a class of short (21–24 
nucleotides) single-stranded non-coding endogenous RNAs 
which post-transcriptionally modulate gene expression 
by either inhibiting translation or inducing mRNA degra-
dation (Chekulaeva and Filipowicz 2009). MiRNAs are 
involved in diverse processes including cellular develop-
ment, proliferation, differentiation, apoptosis, and metabo-
lism (Garzon et al. 2009). An inverse correlation has been 
demonstrated between miRNA expression and oncogene 
expression in lung cancer (Johnson et al. 2005). Abundant 
evidence shows that miRNAs may act as oncogenes or 
tumor suppressors and play a critical role in tumorigenesis 
and metastasis (Ortholan et al. 2009; Yanaihara et al. 2006; 
Hayashita et al. 2005). MiRNAs such as miR-155 and let7a 
are of prognostic value for lung cancer (Yanaihara et  al. 
2006). The miR-17-92 cluster is recognized as oncogenes 
that can promote lung cancer carcinogenesis (Hayashita 
et al. 2005).

Insulin receptor substrate-1 (IRS-1) is a major member 
of the insulin receptor substrate family (IRS) and acts as an 
important adaptor in insulin and insulin-like growth factors 
signaling (White 2003). It functions as a mediator molecule 
in signal transduction and is regulated by certain cytokines, 
hormones, and growth factor receptors (Gual et al. 2005). 
The effect of IRS-1 on tumor progression and metasta-
sis has been widely described in recent years. Decreased 
IRS-1 expression has been correlated with the progression 
of breast cancer (Schnarr et  al. 2000). The loss of IRS-1 
enhances metastasis of head and neck cancer (Luo et  al. 
2012). IRS-1 also suppresses transforming growth factor-β 
(TGF-β)-induced epithelial mesenchymal transition (EMT) 
in lung cancer (Shi et al. 2009; Reiss et al. 2000; Ma et al. 
2006; Gibson et al. 2007).

We have recently reported that miR-23a promotes TGF-
β-induced EMT in NSCLC in a Smad-dependent man-
ner (Cao et  al. 2012). Shi et  al. (2009) have shown that 
TGF-β1 induces EMT by modulating IRS-1 signaling 
and that IRS-1 may function as a critical EMT suppres-
sor in NSCLC cells. However, there is no report on the 
interaction between miR-23a and IRS-1. In this study, we 
hypothesized that IRS-1 could be a target of miR-23a and 
be involved in the migration and invasion of NSCLC cells. 
Here, we examined the role of miR-23a in the migration 
and invasion of NSCLC cells in vitro and whether IRS-1 
was a direct target of miR-23a. Moreover, we examined the 
expression of IRS-1 in NSCLC tissues and its correlation 
with the clinicopathologic characteristics of NSCLC. Our 
results demonstrated that IRS-1 was expressed variably in 

NSCLC patients and high IRS-1 expression was associated 
with a better prognosis for NSCLC patients.

Patients and methods

Tissue specimens

One hundred and five surgically resected NSCLC speci-
mens, provided by the Tumor Hospital of Harbin Medical 
University, Harbin, Heilongjiang, China, were fixed with 
formalin and embedded in paraffin. These specimens were 
obtained between January 2006 and January 2007, and the 
patients were followed up to October 2012 or until death. 
Primary cancers were evaluated according to the American 
Joint Committee on Cancer staging system (7th ed.) (Tsim 
et  al. 2010). No patient received chemotherapy or radio-
therapy prior to surgery. Acquisition of all tissue specimens 
was approved by the ethical committee at Tumor Hospi-
tal of Harbin Medical University and was carried out in 
accordance with the established national and institutional 
ethical guidelines regarding the use of human tissues for 
research.

Cells

A549 cells were obtained from Heilongjiang Cancer Insti-
tute (Harbin, China) and maintained in RPMI-1640 culture 
medium supplemented with 10 % fetal bovine serum (FBS) 
at 37 °C in 5 % CO2. To stimulate miR-23a expression, we 
treated A549 cells with 5  ng/ml TGF-β1 (R&D System, 
Minneapolis, MN, USA) for the indicated periods of time 
as detailed elsewhere in the text.

Quantitative reverse transcription‑PCR (qRT‑PCR)

Total RNA was extracted from A549 cells using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA). miR-23a expres-
sion levels were quantified by qRT-PCR using TaqMan 
MicroRNA Assay System (Applied Biosystems, Foster 
City, CA, USA). RNU66 was used as an internal con-
trol. MiRNA expression was quantified using the 2−ΔΔCt 
method (Bustin 2000).

Western blotting

Cellular lysate of A549 cells was prepared with lysis buffer 
containing 50  mM Tris–HCl (pH 7.6), 150  mM NaCl, 
0.1  % sodium dodecyl sulfate, 1  % Nonidet P-40, and 
0.5  % sodium deoxycholate. Western blotting was per-
formed as previously described (Cao et  al. 2012) and the 
following antibodies were used: anti-IRS-1 and anti-β-actin 
antibodies (Cell Signaling Technology, Beverley, MA, 
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USA). Blots were visualized using the ECL chemilumines-
cence detection system (GE Healthcare Bio-Science, Pis-
cataway, NJ, USA).

Transfection

Small interfering RNA for IRS-1 (Si-IRS-1) (5′-GUCAGUC 
UGUCGUCCAGUATT-3′) and scrambled siRNA (5′-UUC 
UCCGAACGUGUCACGUTT-3′) were purchased from 
Dharmacon (Lafayette, CO). miR-23a inhibitor (anti-miR-23a)  
(5′-GGAAAUCCCUGGCAAUGUGAU-3′) and its negative 
control (5′-CAGUACUUUUGUGUAGUACAA-3′) were  
synthesized by Ambion (Ambion, Austin, TX). miR-23a 
mimic (5′-AUCACAUUGCCAGGGAUUUCC-3′), and con-
trol mimic (5′-UUCUCCGAACGUGUCACGUUU-3′), IRS-
1-expressing plasmid (p-EZ-M02-IRS-1) and p-EZ-M02 vec-
tor were obtained from GenePharma (Shanghai, China). A549 
cells were transfected using the Lipofectamine 2000 reagent 
as instructed by the manufacturer (Invitrogen, Carlsbad, CA). 
IRS-1 3′ UTR with mutations in the region complemen-
tary to the miR-23 seed region were generated by mutagen-
esis. The primers used for mutagenesis were as follows: 
5′-TCTCTTTGGAATGAATCCGGTGGGCGTTTGTA 
AA-3′ (forward) and 5′-TTTACAAACGCCCACCGGATTCA 
TTCCAAAGAGA-3′ (reverse).

Transwell cell migration and invasion assays

Migration and invasion of A549 cells were measured using 
a 24-well Transwell plate (8 μm pore size, Corning Cos-
tar, USA). For migration assays, 5 × 104 A549 cells were 
seeded into the non-coated membrane in the top chamber 
and the lower chamber was filled with 0.6  ml complete 
medium containing 10  % FBS. For invasion assays, the 
chamber inserts were coated with 200 mg/ml BD Matrigel 
(BD Biosciences, San Jose, CA, USA) and dried overnight. 
A549 cells (5 × 104) were incubated at 37 °C for 48 h and 
stationary cells were removed from the upper surface of the 
membranes. The cells that had migrated to the lower sur-
face were fixed and stained with 0.1 % crystal violet. The 
stained cells were counted from five random fields under 
microscope.

Luciferase reporter assay

Bioinformatic target gene predictions were performed 
using web-based compilation of prediction algorithms 
FindTar3 (http://bio.sz.tsinghua.edu.cn/). The cDNA of 
IRS-1 mRNA 3′-UTR was cloned at the 3′-end of Firefly 
luciferase open reading frame (ORF) in dual reporter (Fire-
fly and Renilla luciferases) vector pmirGLO (Promega, 
San Luis Obispo, CA, USA) using SacI and XhoI. A549 
cells were grown in 96-well plates and co-transfected with 

2.5 pmol miR-23a mimics or control mimics and 100 ng 
pmirGlo/3′-UTR using Lipofectamine 2000. The cells 
were then lysed and measured 48  h post-transfection. 
Firefly luciferase activities were measured using dual-
luciferase reporter reagents (Promega) with a GloMax 
luminometer (Promega), and the results were normalized 
against Renilla luciferase according to the manufacturer’s 
protocol. All experiments were performed in triplicate at 
least thrice independently.

Immunohistochemistry assay

Formalin-fixed, paraffin-embedded, 3-μm tissue sections 
were cut, and three adjacent sections were chosen from 
each sample for routine immunohistochemical staining to 
detect the expression of IRS-1. Briefly, after deparaffini-
zation and rehydration, the sections were boiled in citrate 
buffer for 10 min for antigen retrieval. Endogenous peroxi-
dase was inactivated with 3 % H2O2. Non-specific binding 
was blocked by incubation with non-immune serum for 
30 min followed by overnight incubation at 4 °C with anti-
IRS-1 and epidermal growth factor receptor (EGFR) anti-
bodies (Cell Signaling, Danvers, MA, USA). After wash-
ing with phosphate-buffered saline-Tween buffer (PBS-T) 
thrice, the sections were incubated with secondary antibody 
for 1 h at room temperature, followed by additional three 
washes with PBS-T. 3,3′-Diaminobenzidine (DAB) solu-
tion was used to visualize the samples. Totally 500 cells 
were counted in five random areas of each slide to deter-
mine the ratio of positive cells. All slides were analyzed by 
two independent observers blind to patient clinicopatho-
logic data. Immunohistochemistry staining was examined 
for staining positive ratio. The stained cells were scored as 
following: (−) represented 0–5 % of the cells stained; (+) 
represented 6–25 % of the cells stained; (++) represented 
26–50 % of the cells stained; (+++) represented 51–75 % 
of the cells stained; (++++) represented 76–100  % of 
the cells stained. The immunohistochemistry score of 
IRS-1 and EGFR expression was 0 (− ≤  score <2+) and 
1 (2+  ≤  score  ≤4+), which represented low and high 
expression, respectively.

Statistical analysis

Data was analyzed using the SPSS software version 18.0 
(SPSS, Chicago, IL). Differences between groups were 
analyzed using Student’s t test and the χ2 test. The rela-
tionship between IRS-1 and age was tested using U test. 
Overall survival (OS) was defined as the time from the 
date of surgery to the date of death or the last follow-
up. The OS and disease-free survival (DFS) curves were 
drawn by Kaplan–Meier method, and the correlation 
between each of the variables and survival was evaluated 

http://bio.sz.tsinghua.edu.cn/
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by the log-rank test of univariate analysis. Then, the 
parameters were tested by multivariate Cox analysis, 
which was performed to estimate independent variables 
for predicting prognosis. P < 0.05 was considered statisti-
cally significant.

Results

miR‑23a enhances the migration and invasion of A549 
cells in vitro

Since miR-23a promotes TGF-β-induced EMT, we specu-
lated that miR-23a might influence the migration and inva-
sion of NSCLC cells. Transwell assay revealed that miR-
23a significantly increased the number of the migrated 
A549 cells by 44.01 % (P = 0.005, Fig. 1b, d, f). The addi-
tion of anti-miR-23a in the presence of miR-23a mimics 
noticeably attenuated the miR-23a-mediated increase of 
the migrated cell number by 32.62  % compared with the 
cells transfected with miR-23a mimics only (P = 0.0044, 
Fig. 1d, e, f). Anti-miR-23a further suppressed the migra-
tion of A549 cells in the absence of miR-23a mimics by 
68.89  % compared with controls (P  =  0.001, Fig.  1b, c, 
f). Consistently, transwell assay showed a similar invasion 
pattern of A549 cells. miR-23a significantly increased the 
invasion of A549 cells by 44.64 % (P =  0.0005, Fig. 1h, 
j, l). The addition of anti-miR-23a in the presence of miR-
23a mimics noticeably attenuated the miR-23a-mediated 
increase of invasion by 30.78  % compared with the cells 
transfected with miR-23a mimics only (P = 0.033, Fig. 1j, 
k, l). Anti-miR-23a further suppressed the invasion of A549 
cells in the absence of miR-23a mimics by 75.11 % com-
pared with controls (P < 0.0001, Fig. 1h, i, l). Our observa-
tion indicated that miR-23a could upregulate the migration 
and invasion of A549 cells.

The miR‑23a‑mediated migration and invasion of NSCLC 
cells can be antagonized by IRS‑1

The interaction between IRS-1 and miR-23a on the migra-
tion and invasion of NSCLC cells was determined by 
transwell assay. First of all, the viability of the A549 cells 
transfected with miRNAs or plasmids was evaluated. There 
is no significant difference among the viabilities of the cells 
with various treatments (Fig. 2a). Western blotting showed 
that IRS-1 was highly expressed in the cells transfected 
with plasmid p-EZ-M02-IRS-1, while the IRS-1 expression 
was knocked down in the cells with Si-IRS-1. Interestingly, 
IRS-1 expression was somehow suppressed in the cells 
with miR-23a mimics. The suppression could be reversed 
by anti-miR-23a (Fig. 2b, c).

Transwell assay showed that miR-23a could mark-
edly promote the migration of A549 cells compared with 
untreated controls (P < 0.05, Fig. 2d, e, j). In the cells co-
transfected with miR-23a mimics and p-EZ-M02-IRS-1, 
the increase of the miR-23a-mediated migration was sig-
nificantly reduced (P = 0.027, Fig. 2f, g, j). The addition 
of miR-23a in the presence of exogenous IRS-1 noticeably 

Fig. 1   miR-23a contributes to the migration and invasion of NSCLC 
cells. The motility ability of A549 cells was detected by transwell 
assay. F and L show the cell counts of migration and invasion. The 

numbers (1–5) under the horizontal axes mean the same treatments 
stated in a–e and g–k. Data are presented as the mean  ±  standard 
deviations of at least three independent experiments

Fig. 2   miR-23a-mediated migration and invasion of NSCLC cells 
can be antagonized by IRS-1. a MTT assay for the viability of A549 
cells. There is no significant difference among the viabilities of A549 
cells with various treatments at 48 h. b and c The expression of IRS-1 
in the cells with various treatments was detected by Western blotting. 
The blank cells were treated with control mimics, p-EZ-M02 vector 
and negative control for anti-miR-23a, respectively. d–q The motility 
ability of the cells was detected by transwell assay. d–i The represent-
ative images of migration assay. k–p The representative images of 
invasion assay. d and k Blank control; e and l miR-23a-treated. f and 
m IRS-1-treated; G and N: treated with miR-23a and IRS-1; h and o: 
Si-IRS-1-treated; i and p treated with anti-miR-23a and Si-IRS-1. j 
and q illustrated the migration and invasion ability, respectively. Data 
are mean ± standard deviations of at least three independent experi-
ments

▸
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promoted the migration of A549 cells (P = 0.026, Fig. 2f, 
g, j). Moreover, anti-miR-23a did not affect the migra-
tion cell number, while endogenous IRS-1 was blocked 

(P =  0.739, Fig.  2h, i, j). Similar patterns were observed 
in the invasion of A549 cells (Fig.  2k–q). These findings 
implied that there was an antagonistic effect between IRS-1 
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and miR-23a in modulating the migration and invasion of 
A549 cells.

miR‑23a counteracts IRS‑1 by targeting its mRNA

Above detection demonstrated that miR-23a could suppress 
IRS-1 expression (Fig. 2b, c). IRS-1 has been reported to 
block TGF-β-induced EMT (Shi et  al. 2009), while we 
previously showed that miR-23a can be directly induced 
by the TGF-β/Smad pathway during the EMT (Cao et  al. 
2012). In this study, RT-PCR confirmed that TGF-β mark-
edly stimulated the expression of miR-23a in A549 cells 
(P = 0.0028, Fig. 3a). Western blotting showed that TGF-β 
markedly suppressed IRS-1 expression, while anti-miR-23a 
apparently upregulated IRS-1 expression in A549 cells. The 
upregulation of IRS-1 expression by miR-23a was attenu-
ated by TGF-β. These data suggest a negative correlation 
between miR-23a and IRS-1 (Fig. 3b). Therefore, we esti-
mated that IRS-1 might be a direct target of miR-23a.

Indeed, upon the bioinformatic analysis using web-
based tools for miRNA target prediction, we found that the 

3′-UTR of IRS-1 mRNA contained putative target sites of 
miR-23a that were complementary to the seed sequence 
of miR-23a (Fig.  3c). Using a reporter plasmid in which 
the 3′ UTR of luciferase was replaced by the 3′ UTR of 
IRS-1, luciferase assay showed that, compared to control 
mimics, miR-23a mimics caused a marked reduction in 
luciferase activities of A549 cells co-transfected with the 
reporter plasmid (P < 0.05, Fig. 3d), supporting that miR-
23a directly targets the IRS-1 gene.

IRS‑1 expression is variable in NSCLCs and correlates 
with NSCLC patient survival

To determine whether IRS-1 expression is dysregu-
lated in NSCLC patients and whether it correlates with 
clinicopathologic characteristics of NSCLC patients, 
we examined the expression of IRS-1 in 105 surgically 
resected NSCLC specimens by immunohistochemis-
try. Twenty-eight (26.67 %) patients showed low IRS-1 
expression, while 73.33  % of the patients showed high 
IRS-1 expression (Fig.  4a–c). We found no significant 

Fig. 3   IRS-1 mRNA is a direct 
target of miR-23a. a A549 cells 
were treated with TGF-β1 (5 ng/
ml) and miR-23a levels were 
examined by qRT-PCR. TGF-β1 
induced a 58.00 % increase of 
miR-23a compared with con-
trol. b A549 cells were treated 
with miR-23a inhibitors in the 
presence or absence of TGF-β1 
(5 ng/ml). IRS-1 expression 
was examined by Western 
blotting. TGF-β1 significantly 
suppressed IRS-1 expression. c 
The sequence of miR-23a and 
the corresponding sequence in 
the 3′-UTR of IRS-1 mRNA. 
d A549 cells were transfected 
with appropriate vectors 
and miR-23a mimics (pmir-
GLO, pmiGLO + miR-23a, 
pmirGLO-IRS-1, pmirGLO-
IRS-1 + miR-23a, pmirGLO-
IRS-1 + control mimics, and 
pmirGLO-mut-IRS-1 + miR-
23a), and the luciferase activi-
ties were determined. miR-23a 
induced a 42.59 % reduction 
of luciferase activity compared 
to cell treated with miRNA 
control. Data are showed as the 
mean ± standard deviations. At 
least three independent experi-
ments were performed
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difference in clinicopathologic characteristics, includ-
ing patient age, gender, tumor size, node status, patho-
logic type, differentiation, and smoking status between 
patients with low and high IRS-1 expression except 
in EGFR expression (low vs. high EGFR expression, 
P = 0.038, Table 1).

Kaplan–Meier analysis revealed that the median OS of 
NSCLC patients with high IRS-1 expression was markedly 
longer than that of the patients with low IRS-1 expression 
(31.7  months vs. NA, P =  0.002, Fig.  4d). Similarly, we 

observed a significantly longer median DFS in NSCLC 
patients with high IRS-1 expression than that of those with 
low IRS-1 expression (24.0 vs. 54.4  months, P  <  0.001, 
Fig.  4e). Univariate analysis and multivariate Cox regres-
sion analysis showed that IRS-1 expression was a prog-
nostic factor for the OS of NSCLC patients, independent 
of other tested prognostic factors such as smoking sta-
tus, histology type, lymph node involvement, differential 
degree, and histological grade (RR 0.413, CI 0.238–0.718, 
P = 0.002, Table 2).

Fig. 4   Immunohistochemistry detection of IRS-1 in NSCLC tissues 
and the survival of NSCLC patients stratified by IRS-1 expression. a 
and a′ The NSCLC tissue with high IRS-1 expression. b and b′ The 
NSCLC tissue with low IRS-1 expression. c and c′ The NSCLC tis-

sue without IRS-1 expression. a–c ×100, a′–c′ ×400. d Kaplan–
Meier overall survival (OS) curve and (E) disease-free survival (DFS) 
stratified by IRS-1 expression
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Discussion

Migration and invasion are two important hallmarks of 
cancer and are responsible for the majority of cancer 

deaths (Xia et al. 2013; Mattie et al. 2006). Despite recent 
advances in chemotherapies and molecular-targeted thera-
pies, resectable NSCLC only sees modest improvement 
and treatment failure ensues with eventual development of 
distant metastasis (Saintigny and Burger 2012). Multiple 
signaling pathways are involved in regulating tumor cell 
proliferation, migration, and invasion. IRS-1, a major sub-
strate of insulin, insulin-like growth factors and cytokine 
signaling, plays an important role in mediating apoptosis, 
cell differentiation, and cell transformation. Downregula-
tion of IRS-1 expression has been correlated with the pro-
gression of breast cancer (Schnarr et al. 2000). The loss of 
IRS-1 enhances metastasis of head and neck cancer (Luo 
et al. 2012). A study of 94 cases of stage I NSCLC found 
that loss of IRS-1 was more frequent in stage 1B than 1A 
NSCLC, suggesting that IRS-1 loss could be an early event 
in NSCLC development (Han et  al. 2006). We found that 
IRS-1 was variably expressed in NSCLC, but observed 
no statistically significant difference in clinicopathologic 
characteristics, including age, gender, tumor size, node 
status, pathologic type, differentiation and smoking sta-
tus between patients with low and high IRS-1 expression 
except in EGFR expression. EGFR was found to interact 
with and recruit IRS-1 in tamoxifen-resistant MCF-7 (Tam-
R) breast cancer cells and EGFR-selective tyrosine kinase 
inhibitor Gefitinib could reduce this association (Knowl-
den et al. 2008). A recent study revealed that EGF dramati-
cally upregulated IRS-1 in EGFR-positive breast cancer 
cells (Cui et al. 2006). Han et al. (2006) found that IRS-1 
expression did not correlate with OS and DFS; however, 
their study cohort was limited to stage I NSCLC. We found 
that high IRS-1 expression correlated with markedly longer 
OS and DFS despite of different stages of NSCLC. There-
fore, we suggest that IRS-1 could be a useful predictor for 
NSCLC survival time.

Recent studies have demonstrated that specific miR-
NAs implicate in the processes of migration and invasion 
(Ortholan et  al. 2009; Yanaihara et  al. 2006; Hayashita 

Table 1   Correlation between IRS-1 expression and clinicopathologic 
characteristics (n = 105)

P < 0.05 was considered statistically significant
a  Mann-Whitney U test was used for age. bSubjects who smoked one 
cigarette daily for more than 1 year were defined as ever smokers and 
others as never smokers

Variables IRS-1 Total P

Low High N (%)

Gender 0.660

Male 18 53 71 (67.62 %)

Female 10 24 34 (32.38 %)

Age, years 0.359a

Median 58.5 60.0

Tumor size 0.078

T1 11 17 28 (26.67 %)

T2–T3 17 60 77 (73.33 %)

Nodal category 0.256

Negative 14 48 62 (59.05 %)

Positive 14 29 43 (40.95 %)

Histology type 0.673

Squamous cell carcinoma 10 31 41 (39.05 %)

Adenocarcinoma 18 46 64 (60.95 %)

Differentiation 0.702

Well/moderate 13 39 52 (49.52 %)

Poor 15 38 53 (50.48 %)

EGFR 0.038

Low 11 15 26 (24.76 %)

High 17 62 79 (75.24 %)

Smokingb 0.114

Never 5 26 31 (29.52 %)

Ever 23 51 74 (70.48 %)

Table 2   Univariate and 
multivariate analysis of IRS-1 
for overall survival of NSCLC 
patients

P < 0.05 was considered 
statistically significant

Variables All patients

Univariate Multivariate

P HR (95 % CI) P HR (95 % CI)

Age 0.370 1.016 (0.981, 1.053)

Gender 0.440 1.245 (0.714, 2.171) 0.124

Pathologic type 0.005 0.428 (0.236, 0.776) 0.071

Tumor size 0.139 1.468 (0.883, 2.441) 0.111

EGFR 0.042 1.750 (1.020, 3.004)

Smoking 0.134 1.592 (0.866, 2.924) 0.036 1.944 (1.043, 3.622)

IRS-1 0.006 0.471 (0.275, 0.808) 0.002 0.413 (0.238, 0.718)

Differentiation 0.763 0.911 (0.496, 1.672) 0.017 1.963 (1.131, 3.407)

Lymph node 0.002 2.325 (1.367, 3.954) 0.003 2.250 (1.321, 3.832)
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et al. 2005). Huang et al. reported that miR-23a can func-
tion as a proliferation-promoting factor, and TGF-β can 
induce specific miRNA expression to escape from tumor-
suppressive response in hepatocellular carcinoma (HCC) 
cells. Tang et al. suggest that miR-23a overexpression pro-
motes the growth, invasion, and metastasis of colon carci-
noma cells, and miR-23a may serve as important biologi-
cal markers for the malignant phenotypes of colon cancer, 
such as invasion and metastasis (Tang et al. 2012; Huang 
et  al. 2008). Shi et  al. have shown that TGF-β1 induces 
EMT by modulating IRS-1 signaling (Shi et al. 2009), and 
we found that miR-23a promotes TGF-β-induced EMT 
in NSCLC cells (Cao et al. 2012). We speculated a close 
association between miR-23a and IRS-1 in NSCLC cells. 
Indeed, we found that IRS-1 was a direct target of miR-
23a and overexpression of miR-23a was associated with 
significant IRS-1 downregulation. Transwell assay showed 
that miR-23a significantly promoted the migration and 
invasion of A549 cells, while it failed to boost this function 
when IRS-1 was downregulated. We also found that over-
expression of IRS-1 aborted miR-23a-induced increase 
in the migration and invasion of A549 cells. Our findings 
suggest the existence of a regulatory loop of miR-23a and 
IRS-1 in NSCLC cells: miR-23a suppresses IRS-1 expres-
sion, while IRS-1 counteracts miR-23a activity. miR-23a 
functions as an oncogenic miRNA in various malignancies 
and is upregulated in lung cancer, breast cancer, hepato-
cellular carcinoma, and colon carcinoma (Cao et al. 2012; 
Mattie et  al. 2006; Tang et  al. 2012; Huang et  al. 2008). 
More specifically, miR-23a promotes growth, invasion, 
and metastasis of colon cancer cells (Tang et  al. 2012), 
and acts as a growth-promoting and anti-apoptotic factor 
in HCC cells (Huang et al. 2008). miR-23a is decreased in 
human prostate cancer, which is associated with increased 
c-Myc expression (Gao et al. 2009). Taken together, these 
findings suggest that miR-23a may act as an oncogene in 
multiple human malignancies. Previously, we reported that 
miR-23a regulated TGF-β-induced EMT by suppression 
of E-cadherin in lung cancer cells (Cao et  al. 2012); this 
finding may explain the above observations that miR-23a 
functions as a metastasis driver.

However, the exact mechanisms underlying how 
NSCLC cells are regulated after the interaction of miR-23a 
and IRS-1 remains intriguing. Since IRS-1 conveys sig-
nals to PI-3K/Akt and ERK1/2 pathways (Gao et al. 2009). 
IRS-1/PI-3K/Akt signaling may serve as the downstream 
effects after interaction in part. Moreover, in breast cancer, 
action of IRS-1 siRNA induces the apoptotic response and 
reduces cell viability (Gao et  al. 2009); it is possible that 
miR-23a/IRS-1 influence proliferation and apoptosis in this 
aspect leading to the OS prediction.

In conclusion, our study indicated that IRS-1 was vari-
ably expressed in NSCLC patients. IRS-1 expression 

correlated with NSCLC patient survival. miR-23a directly 
targeted and suppressed the expression of the IRS-1 gene, 
while IRS-1 counteracts miR-23a migration/invasion-pro-
moting activity. IRS-1 may serve as a useful predictor of 
the outcome of NSCLC patients.
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