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Abstract: EphrinA1, a ligand for receptor EphA2 exerts an anti-oncogenic effect through the activation and down 
regulation of the EphA2 receptor in Non-Small Cell Lung Cancer (NSCLC). The underlying mechanisms of ephrinA1 
mediated anti-oncogenic signals in NSCLC remains largely undefined. MicroRNAs (miR) are small non-coding RNAs 
that play a key role in tumorogenesis. The current study focuses on determining the mechanisms by which ephrinA1 
induces anti-oncogenic effects in NSCLC cells. A-549 and H-23 NSCLC cell lines were treated with ephrinA1 and 
miR-122 expression was determined by quantitative-PCR and In-situ hybridization. In addition, transcription factor 
Bach-1 was determined. In order to determine the direct effect of miR-122 on NSCLC cells, A-549 and H-23 were 
transfected with pre-miR-122 and tumorsphere growth and migration were determined by matrigel and Wound heal-
ing assays. Additionally, miR-122 induced apoptosis was evaluated by Annexin-V expression. The Bcl-w, Bak, Bad-1 
and Caspase-3 expression levels were also determined. EphrinA1 enhanced miR-122 and Bach-1 expression in a 
time dependent manner in NSCLC cells. Silencing Bach-1 gene expression using silencing interference RNA (siRNA) 
significantly down-regulated ephrinA1 induced miR-122 expression, suggesting that ephrinA1 mediated miR-122 
induction was regulated by the transcription factor Bach-1 in NSCLC. Pre-miR-122 transfection significantly attenu-
ated tumorsphere growth and cell migration in NSCLC. Moreover, miR-122 directly targets Bcl-w which harbours a 
putative miR-122 binding site in its 3’-UTR region. NSCLC cells, when transfected with miR-122, showed significant 
down-regulation of Bcl-w expression and enhanced the expression of pro-apoptotic genes Bad, Bak and Caspase-3. 
Taken together our study indicates that ephrinA1 mediated miR-122 expression is regulated by Bach-1. MiR-122 
targets Bcl-w, and triggers apoptosis in NSCLC cells. Thus, we provide new insight into the complex ephrinA1/EphA2 
receptor signalling process in understanding the direct role of miR-122 in ephrinA1 mediated signalling which may 
lead to new therapeutic strategies for NSCLC.
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Introduction

Lung cancer is the leading cause of cancer 
related deaths in United States and worldwide 
[1, 2]. Virtually metastatic lung cancer is incur-
able and accounts for 90% of cancer deaths. 
Although early diagnosis and therapeutic inter-
ventions are utilized, outcomes remain limited 
for NSCLC patients. Recent findings show that 
there are many pathways activated during lung 
cancer progression [3]. A recently discovered 
EphA2 tyrosine kinase receptor is found to be 
expressed in more than 90% of NSCLC but is 
not significantly expressed in normal lung tis-
sue, signifying to its potential role as a novel 

molecular target for the treatment and preven-
tion of NSCLC [4]. 

Receptor EphA2 is an oncoprotein which pro-
motes cell survival, abnormal cell growth, and 
invasion in a number of malignancies [5-8]. 
Ephrins were first identified as membrane-
bound ligands for the Eph receptor tyrosine 
kinases and have been characterized as either 
glycosyl phospatidyl inositol (GPI) anchored 
(ephrin-A) or transmembrane (ephrin-B) cell sur-
face proteins [9]. The activation of receptor 
EphA2 by its ligand ephrinA1 induces phos-
phorylation of EphA2, and consequently 
decreases the expression of EphA2 receptor. 
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Previous studies from our lab show that ephri-
nA1 activation of EphA2 induces rapid internal-
ization and phosphorylation of EphA2 recep-
tors in malignant mesothelioma cells [10]. 
Although the body of knowledge on ephrins is 
still growing, to date very little is known about 
the mechanisms of its expression in pathologi-
cal conditions particularly in NSCLC. The pres-
ent study is an effort made to provide a new 
insight into the complex regulating pathways of 
ephrinA1/EphA2 receptor, and also understand 
the anti-oncogenic role of ephrinA1 and miR-
122 that may lead to new therapeutic strate-
gies for NSCLC.

MiRs are a new class of small non-coding RNAs 
implicated to play a key role in tumorogenesis 
[11, 12]. Binding to the complementary 
sequences of their target mRNA (mostly in the 
3’-UTR), miRs are able to induce mRNA degra-
dation or translational repression [13]. miR’s 
dysregulation may affect known oncogenes or 
tumor-suppressor genes, thereby affecting 
tumorogenesis. MiR-122 is a liver specific 
miRNA that is highly expressed in the adult 
liver, making up 70% of all miRNAs [14, 15]. 
Functionally it regulates lipid and cholesterol 
metabolism [16]. The down-regulation of miR-
122 has previously been reported in rodent 
and human hepatocellular carcinomas and 
NSCLC cell lines [17, 18]. In addition, one study 
reported that miR-122 regulates Hemeoxy- 
genase-1 (HO-1) and Bach-1 gene expression in 
hepatocytes. Bach-1, a known heme-binding 
protein [19-21], forms heterodimers with small 
proteins of the Maf family. These heterodimers 
are known to repress transcription of the target 
genes like HO-1 [22]. MiR-122 directly targets 
Bcl-w which was reported to harbour a putative 
miR-122 binding site in its 3’-UTR region. Bcl-w 
is an anti-apoptotic Bcl-2 family member [23]. 
The high expression level of the Bcl-w protein 
was known to contribute to tumor growth in 
cooperation with other proto-oncogenes [24]. 

Bcl-2 family proteins are critical regulators of 
caspase activation and apoptosis [25]. Anti-
apoptotic members of the Bcl-2 family (Bcl-2, 
Bcl-xL, Bcl-w, Mcl-1, A1, Bcl-B and C.elegans 
CED-9) have three or four characteristic regions 
of homology domains (BH1, BH2, BH3, BH-4). 
Whereas, the pro-apoptotic Bcl-2 family mem-
bers consists of two groups. The first group 
includes; Bax, Bak, Bcl-xS, Bok/Mtd and Bcl-GL 
which span two or three BH domains, while the 

second group contains, Bad, Bik/Nbk, Blk, Bid, 
Hrk/Dp5, Bim/Bod, Bmf, Noxa, Puma/Bbc-3 
and C.elegans Egl-1, spanning only the short 
(9-16 amino acid) BH3 domain [26]. Among 
these BH3-only proteins, the BH3 domain bind-
ing is essential to the anti-apoptotic members 
of the family for their ability to prevent cell 
death [26]. The mechanisms that govern apop-
tosis by Bcl2 family members in NSCLC cells 
are still emerging.

In this study, we investigated the mechanisms 
of ephrinA1 mediated anti-oncogenic signals in 
NSCLC cells. We have identified a novel mecha-
nism in which, ephrinA1 treatment leads to 
miR-122 expression in NSCLC. EphrinA1 treat-
ment also resulted in down regulation of the 
Bcl-w anti-apoptotic gene and a significant 
reduction in NSCLC cell tumorsphere growth, 
and migration. In addition, when NSCLC cells 
were transfected with 2’-OMO designed to 
inhibit the activity of miR-122 and treated with 
ephrinA1, ephrinA1 failed to inhibit the tumor-
sphere growth and the migration of NSCLC cells 
was restored. Moreover, NSCLC cells when 
transfected with pre-miR-122, tumorsphere 
growth, and cell migration decreased to the lev-
els comparable with ephrinA1 treated cultures. 
Furthermore, our study demonstrates that miR-
122 targets the anti-apoptotic gene Bcl-w and 
triggers pro-apoptotic gene expression in 
NSCLC cells. 

Materials and methods

NSCLC cell culture

NSCLC lines, A-549 and H-23 were obtained 
from the American Type Culture Collection 
(Manassa, VA, USA). The NSCLC cells were cul-
tured in RPMI-1640 (Gibco Laboratories, Grand 
Island, NY) containing 10% Fetal bovine serum 
(FBS), pencillin (100 U/ml) and streptomycin 
(100 µg/ml) as reported earlier [27]. The cells 
were plated in 100 mm Petri dishes (Corning 
Costar Corporation, MA) and incubated at 37°C 
in 5% CO2 and 95% air. The cell culture medium 
was changed every other day. When the cells 
were confluent they were trypsinized and seed-
ed into 100 mm culture dishes/transwell cham-
ber slides as required.

NSCLC treatment

EphrinA1-Fc was purchased from R&D systems, 
(Minneapolis, MN) and was used for the treat-
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ment of NSCLC cell lines for 3, 6, 12 and 24 
hours. The NSCLC cells were transfected with 
pre-miR-122, 2’-O-methyl-anitsense oligo (2’-
OMO), or mis-match oligo (mis-MO), (Ambion, 
Inc. Austin, TX). In some wells Bach-1 siRNA or 
scrambled siRNA (Sc-RNA); (Invitrogen, Car-
lsbad, CA.) was used. Cells were plated into 
6-well plates or 35 mm plates as required for 
the experiments. The cells were allowed to 
adhere for 24 hours, transfection was per-
formed using lipofectamine-2000 (Invitrogen) 
according to the manufacturer’s recommenda-
tion. After 4-6 hours of transfection, the culture 
medium containing serum was added. The 
transfected cells were used for further 
experiments.

Real time RT-PCR 

The total RNA extraction from cultured NSCLC 
(A-549 and H-23) was prepared following the 
manufacturer’s instruction using TRIzol reagent 
(Invitrogen) as reported earlier [28]. In brief, 
reverse transcription reaction was performed, 
and cDNA products were mixed with 25 µl of 
SYBR Green JumpStart Taq ReadyMix, 0.5 µl of 
internal reference dye, and 14.5 µl of specific 
oligonucleotide primers (80 nM final concentra-
tions) to a total volume of 50 µL for quantifica-
tion of the real-time PCR. The sequences used 
are given in Table 1. The quantification of real-
time PCR was performed by using the SYBR 
Green method on the Applied Biosystems 7500 
Real Time PCR System with the following pro-
file: 1 cycle at 94°C for 2 minutes; 40 cycles at 
94°C for 15 seconds, at 60°C for 1 minute, and 

at 72°C for 1 minute. The real-time PCR prod-
ucts were confirmed by electrophoresis on 2% 
agarose gels. Data analysis was carried out by 
using the ABI sequence-detection software 
using relative quantification. The threshold 
cycle (Ct), which is defined as the cycle at which 
PCR amplification reaches a significant value, 
is expressed as the mean value. The relative 
expression of messenger RNA (mRNA) was cal-
culated by using the ΔCt method (where ΔCt is 
the value obtained by subtracting the Ct value 
of the housekeeping gene β-actin mRNA from 
the Ct value of the target mRNA). The amount of 
the target relative to β-actin mRNA was 
expressed as 2-(ΔCt).

In situ-hybridization

NSCLC cells were cultured in 4 chambered 
slides, some cultures were treated either with 
ephrinA1 or transfected with pre-miR 122 
sequence. The cell cultures were processed for 
in situ-hybridization as reported earlier [29]. In 
brief, slides were fixed in 4% paraformaldehyde 
and permeabilized with pepsin (0.1% in 10 mM 
Hcl). After dehydration, pre-hybridization was 
performed for 30 minutes at 55°C in pre-
hybridization buffer. The slides were hybridized 
with 25 nM of digoxigenin-labeled LNA probes 
for miRNA-122 or scrambled miRNA (sc-probe) 
using miRCURY LNATM probes obtained from 
Exiqon; (Woburn, MA). The probe sequences 
used were as follows: has-miR-122, /5DigN/ 
CACGAATTTGCGTGTCATCCTT/3Dig_N; Scram- 
bled-miRNA, /5DigN/GTGTAACACGTCTATACGC- 
CCA/3Dig_N. Denaturation of the probes was 
performed at 80°C for 2 minutes. The slides 
were incubated over night at 37°C in a humidi-
fied chamber. After washing the slides in wash 
buffer (Roche, Bedford, MA) and treated with 
blocking solution for 3 hours at room tempera-
ture. The slides were incubated at room tem-
perature for 1 hour with AP conjugated anti-DIG 
fragment (1:1200; Roche Diagnostics, India- 
napolis, IN) and again washed twice in PBS con-
taining Tween-20. The slides were incubated 
with NBT/BCIP substrate for 10 minutes in the 
dark, and washed in distilled water, then coun-
ter stained with nuclear fast red (Fishers 
Scientific, Pittsburgh, PA). The cells were viewed 
under a bright field at 200 × magnifications 
using a Nikon Microscope (TE200-S, Nikon 
Metrology, Inc., Brighton, MI).

Table 1. Primer and probes sequences
Gene Primer sequence 5’-3’
Bcl-w-F GGACAAGTGCAGGAGTGGAT
Bcl-w-R GTCCTCACTGATGCCCAGTT
Bad-F CGGAGGATGAGTGACGAGTT
Bad-R GATGTGGAGCGAAGGTCACT
Bak-1-F TCCTAGGCCAGGTGACCCGC
Bak-1-R GCTGAGGGAGGAGACGGCCA
Caspase-3-F GCGAGCCCTGCTCACACTCG
Caspase-3-R CCCTGAGGTTTGCTGCATCGACA
Bach 1-F GTCCCACAGGAAGTGGAAAA
Bach 1-R ACTTTGCAGCCAGAGTGGTT
miR-122-F TGGAGTGTGACAATGGTGTTTG
miR-122-R CAAACACCATTGTCACACTCCA
2’-OMO-122 UGGAGUGUGACAAUGGUGUUUG
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Western blot analysis

NSCLC cells were cultured in 60 mm culture 
dishes (Corning Costar) to confluence after 
which, they were lysed in lysis buffer with the 
method reported earlier [30]. The total amount 
of protein was estimated by BCA method 
(PIERCE, Rockford, IL) and an equal amount of 
protein (20 µg/lane) was loaded. Proteins in 
the sample were separated in denaturing sodi-
um dodecyl sulphate (SDS) polyacrylamide gels 
(Bio-Rad), and transferred electrophoretically 
onto a polyvinylidene difluoride membrane 
(immobile-P, Millipore). The blots were blocked 
with 5% blocker, Non-fat Dry milk (Bio-Rad 
Laboratories) for 1 hour on a shaker at room 
temperature, and were incubated overnight at 
4°C with respective antibodies. These included 
rabbit anti-human Bach-1 antibody, rabbit anti-
human Bcl-w antibody, rabbit anti-human Bad 
antibody (Cell signalling, Beverly, CA), at 1:1000 
dilutions, mouse anti-human Bak antibody and 
rabbit anti-human Caspase-3 antibody (Cal- 
biochem). After washing, they were incubated 
with the secondary antibody (horseradish per-
oxidase-conjugated goat anti-rabbit IgG Ab and 
goat anti-mouse secondary antibody) at a dilu-
tion of 1:1000 for 1 hour. Finally respective pro-
teins were detected by enhanced chemilumin-
secence (ECL, Amersham Pharmacia Biotech). 
The Molecular mass (kDa) of the proteins was 
determined using the pre-stained protein mark-
er (Bio-Rad). 

Annexin V-assay for detection of apoptosis

NSCLC cells at 80% confluence were transfect-
ed with pre-miR-122, Sc-RNA and as a positive 
control, some of them were treated with 
Staurosporine (STS) and some cells were 
untreated left as control. After 48 hours cell 
were fixed in 4% paraformaldehyde in 50% Tris 
wash buffer (TWB). The cells were washed 
twice with 1XPBS, followed by one wash with 1 
×-Annexin V Binding buffer (Annexin-V/FITC kit; 
Becton Dickinson, Mountain View, CA). The 
cells were stained with 250 µl of Annexin V-FITC 
(diluted 1:10 in 1 × Annexin V Binding Buffer) 
for 15 minutes at RT. Cells were co-stained with 
4-,6-diamidino-2-phenylindole (DAPI) (Molecu- 
lar Probes) to visualize nuclei. The stained cells 
were mounted with mounting medium 
(DakoCytomation, Carpentaria, CA) and viewed 
by immunofluorescence microscopy (Zeiss LSM 
510, Axiovert 100 M, Zeiss, Thornwood, NY).

NSCLC three-dimensional tumorsphere growth 
in matrigel

A 48-well culture plate was coated with 200 µl 
of matrigel per well and then allowed to polym-
erize for about 1-2 hours at 37°C as reported 
earlier [10]. NSCLC cells at a density of ~1 × 
103 cells per well were plated in 0.3 ml of 2% 
FBS containing RPMI-1640. The cells were 
treated with ephrinA1 or transfected with miR-
122 precursor or 2’-OMO, or mis-match oligo, 
by using lipofectamine 2000 and a few wells 
were left untreated for comparison as controls, 
media were changed every three days. The 
number of colonies formed was recorded after 
12 days of incubation. 4-6 randomly chosen 
fields (× 10) from the sample were photo-
graphed, and total number of colonies formed 
was quantitated by the Axio-vision image 
program.

Wound healing assay

NSCLC cells, plated in 6 well-pates were trans-
fected with miR-122 precursor, or 2’ o-methyl 
oligo (2’-OMO), or mis-match oligo respectively 
or controls as reported earlier [31]. After 24 
hours of transfection wounds were made in a 
confluent monolayer of cells with sterile 200 µl 
tip. Phase contrast-microscopy pictures were 
taken of the same field at 0 hour, 24 hour and 
48 hour. Distance of the wound in µM was mea-
sured in five places for each treatment or cell 
type at each time point using ImageJ/ImagePro 
Plus software, and the percent wound closure 
over 24 and 48 hours was calculated for graph-
ical representation.

Statistical analysis

Data collected form each experimental and 
control group were expressed as mean ± SEM. 
Student’s t-test and one-way analysis of vari-
ance was used for multiple comparisons. The 
Sigma Stat (version 3.5) statistical software 
was used to calculate statistical significance. 
The differences at P < 0.05 were considered 
statistically significant.

Results 

EphrinA1 upregulates miR-122 expression in 
NSCLC cells 

NSCLC cell lines, A-549 and H-23 were treated 
with ephrinA1 for varying time points (3, 6, 12 
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and 24 hours) or left untreated. EphrinA1 treat-
ment led to the up-regulation of miR-122 
expression over time in both the cell lines when 
compared to untreated controls (Figure 1A, 
1B). The highest expression of miR-122 was 
noted at 6 hours. In addition, we also deter-
mined the expression of miR-122 by In-situ 
hybridization. The in-situ hybridization with 
miRCURY™-LNA probe for miR-122 further con-
firmed the up regulation of miR-122 in ephrinA1 
treated NSCLC when compared to untreated 
control (Figure 1C, 1D). However, the scram-
bled miRNA sequence did not show any effects. 
These results indicate that ephrinA1 induced 
expression of miR-122 may play a key role in 
regulation of anti-oncogenic effects in NSCLC 
cells. 

EphrinA1 upregulates Bach-1 expression in 
NSCLC cells

NSCLC cells were treated with ephrinA1 for 
varying time points (3 hr, 6 hr, 12 hr and 24 hr) 
and Bach-1 expression was evaluated. 
EphrinA1 treatment led to the up-regulation of 
Bach-1 gene expression over time in both the 
cell lines. In A-549 cells a > 6 fold increase in 
Bach-1 mRNA expression was noted at 6 hours 
of treatment when compared to control. 
Whereas, in H23 about 3 fold increases in 
mRNA expression of Bach-1 was noted (Figure 
2A, 2B). In addition, Bach-1 protein expression 
was also confirmed by Western blot analysis. 
The up-regulation of Bach-1 at translational 
level was noted up to 12 hours in both the cell 
lines when compared to control (Figure 2C, 

Figure 1. EphrinA1 induced miR-122 expression in NSCLC cells. (A = A-549) and (B = H-23). Data presented is the 
mean ± SEM of three independent experiments, *P < 0.05 compared to control. In-situ hybridization demonstrated 
strong signals for miR-122 in ephrin-A1 treated NSCLC (C = A549) and (D = H-23). Left panel, probed with digoxi-
genin (DIG)-labelled has-miR-122 miRCURY locked nucleic acid (LNA) probe; right panel, probed with scrambled miR 
sequences. Nuclear fast red was used for counter-staining. Arrows points to miR-122 positive staining. Images were 
acquired using Nikon microscope at × 200 magnification.
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2D). This suggests that treatment of NSCLC 
with ephrinA1 leads to up-regulation of miR-
122 which may be regulated by the transcrip-
tion factor Bach-1. Silencing Bach-1 expression 
with Bach-1 siRNA prior to ephrinA1 treatment, 
down-regulated miR-122 expression in both 
A-549 and H-23 NSCLC cell lines (Figure 2E). 
The scrambled sequence did not show any 
effect and the expression of miR-122 remained 
close to untreated control cells. These findings 
indicate that ephrinA1 induced expression of 
transcription factor Bach-1 regulates miR-122 
levels in NSCLC cells. 

MiR-122, down-regulates Bcl-w expression and 
modulates Bad, Bak & Caspase-3 expression 
in NSCLC 

Bcl-w an anti-apoptotic gene contains a puta-
tive binding site for miR-122 in its 3’UTR region. 
An approach was made to determine whether 
changing the functional level of cellular miR-
122 influenced the endogenous expression of 
anti-apoptotic gene Bcl-w and pro-apoptotic 
Bad, Bak and Caspase-3 expression. Both 
A-549 and H-23 cell lines were transfected with 

precursor of miR-122 or sc-miRNA. Real-time 
qRT-PCR and Western blot analysis were per-
formed at 24 hour post-transfection. The mRNA 
expression levels of Bcl-w were reduced in both 
the A-549 and H-23 cells with the significant 
reduction in H-23 cell lines (P < 0.05) as com-
pared to controls and sc-siRNA, Whereas mRNA 
expression levels of Bad, Bak and Caspase-3 
showed significant up-regulation both in A549 
and H-23 cells (Figure 3A, 3B). This was further 
confirmed by Western blot analysis. The trans-
fection of A549 and H-23 cells with miR-122 
remarkably reduced the levels of Bcl-w, and on 
the other hand increased level of Bad, Bak and 
Caspase-3 protein expression was observed 
when compared to controls and sc-siRNA 
(Figure 3C, 3D). The data also confirms that 
Bcl-w, an anti-apoptotic gene expression is 
down-regulated by miR-122 which may trigger 
apoptosis by inducing the expression of pro-
apoptotic genes Bad, Bak and Caspase-3. 
Furthermore Annexin-V assay confirmed miR-
122 triggers cell death in A549 and H-23 cells 
(Figure 3E). The green signal of Annexin V indi-
cates the apoptotic cells. Staurosporine, a 

Figure 2. EphrinA1 induced Bach-1 mRNA 
expression in NSCLC over time. A549, and 
H23 (A and B); and (C and D) is a repre-
sentative Western blot. β-actin was probed 
to demonstrate equal sample loading. Si-
lencing Bach-1 using siRNA down-regulated 
miR-122 gene expression in both A-549 and 
H-23 NSCLC cell lines (E). Data presented is 
the mean ± SEM of three independent ex-
periments, *P < 0.05 compared to Control; 
$P < 0.05 compared to Sc-miRNA.
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known inducer of apoptosis was used as a posi-
tive control. 

MiR-122 inhibits NSCLC cells tumorsphere 
growth 

A-549 and H-23 cells were transfected with 
pre-miR-122 or inhibitor of miR-122, or sc-miR-
NA or left untransfected as control. The ephri-
nA1 treated and transfected cells were plated 
on 3-D matrigel and the tumorsphere growth 
was determined. The tumorsphere growth was 
studied for 2 weeks. Microscopic examination 
revealed that A-549 and H-23 cells treated with 
ephrinA1 or only miR-122 showed decreased 
tumorsphere growth as compared to control or 
sc-miRNA. The cells transfected with miRNA-
122 inhibitor, 2’-OMO and treated with ephri-
nA1 showed suppressed tumorsphere growth 
on matrigel as compared to mis-MO (Figure 4). 
NSCLC cells when transfected with only miR-
122 inhibitor, did not show any effect on tumor-
sphere growth. These data indicate that ephri-
nA1 induced miR-122 expression regulates 
tumorsphere growth in NSCLC cells. 

MiR-122 inhibits NSCLC cell migration

NSCLC cells were transfected with miR-122, sc-
miRNA, 2’-OMO, or mis-MO or left untreated. 
After 24 hours of transfection, wounds were 
made in a confluent monolayer of cells with 
sterile 200 µl tip. Both A-549 and H-23 cells 
transfected with miR-122 showed significant 
defects in migration of cells at 24 hour and 48 
hour as compared to cells transfected with 
miR-122 inhibitor, sc-miRNA or controls (Figure 
5A, 5D). The inhibitor miR-122, 2’-OMO did not 
inhibit cell migration suggesting restoration of 
miR-122 can reduce cell migration in NSCLC 
cells (Figure 5B, 5D).

Discussion

MiRNA profiles in cancer cells and their role in 
tumorogenesis have been increasingly appreci-
ated [32]. Our study is an approach made as to 
how ephrinA1 induced miR-122 regulates gene 
expression in NSCLC cells. MiR-122 is reported 
to be down regulated in hepatocellular carcino-
mas however, the role of miR-122 in lung 

Figure 3. MiR-122 transfection down-regulated Bcl-W mRNA, and upregulated Bak, Bad, Caspase-3 gene expres-
sion and apoptosis in A549 (A) and H-23 (B). The data presented is the mean ± SEM of three independent experi-
ments. The *P < 0.05 compared to Control and $P < 0.05 Sc-miRNA. The Western blot data presented in (C & D) is 
a single representative of three similar observations. β-actin was probed to demonstrate equal sample loading, (Ct 
= control). Annexin V assay confirmed that miR-122 triggers cell death in A549 and H-23 NSCLC (E). Annexin-V-FITC 
staining (green) was analysed by immunofluorescence microscopy and DAPI (blue) signal showing nuclear staining. 
The phase contrast images were taken and merged with DAPI and FITC.  
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tumorogenesis is not yet known [22, 33]. 
Currently, little is known about miR-122 involve-
ment in tumorogenesis. In this study we report 
that ephirnA1 induces miR-122 expression 
mediated anti-oncogenic effects in NSCLC 
cells. MiR-122 transfection resulted in inhibi-
tion of tumorsphere formation and migration in 
NSCLC cells. In addition, we have confirmed 
that miR-122 transfection induces apoptosis in 
NSCLC cells.

EphrinA1 exerts an anti-oncogenic effect 
through the activation and down regulation of 
the EphA2 receptor. Earlier findings from our 
lab and other studies on ephrinA1/EphA2 
receptor showed that ephrinA1 elicits a tumor-
suppressing functions in cancer [10, 28, 34]. 
Therefore, we became interested in exploring 
the mechanisms of ephrinA1 mediated signal-
ling in NSCLC. Current study describes a novel 
mechanism of ephrinA1 mediated singling in 
NSCLC cells via induction of miR-122. The data 
presented here indicate that ephrinA1 treat-

ment of NSCLC induces miR-122 expression, 
and the expression of miR-122 is controlled by 
the transcriptional factor Bach-1. We have 
demonstrated that miR-122 acts as a tumour 
suppressor gene for NSCLC cells. Restoration 
of miR-122 reduces in vitro tumorsphere 
growth and cell migration. In addition, the 
effect of miR-122 was confirmed by using miR-
122 inhibitor which did not inhibit tumorsphere 
growth or cell migration. Furthermore, we 
report that ephrinA1 induced Bach-1 gene 
expression. In order to determine the interac-
tion of between miR-122 and Bach-1, silencing 
interference RNA for Bach-1 gene was used 
and miR-122 expression in both A-549 and 
H-23 cell lines was evaluated. The expression 
of miR-122 was significantly decreased; indi-
cating that ephrinA1 induced miR-122 is regu-
lated via Bach-1 transcriptional factor. However, 
this warrants further study.

MicroRNAs exert their activity via regulation of 
their target genes. Micro-RNA data base search 
revealed that miR-122 directly targets Bcl-w 
which harbours a putative miR-122 binding site 
in its 3’-UTR region. When A-549 and H-23 cells 
were transfected with miR-122, they showed a 
decrease in Bcl-w gene expression. In hepato-
cellular carcinoma cells miR-122 transfection 
repressed Bcl-w, an endogenous apoptosis 
regulator indicating that Bcl-w to be a direct tar-
get of miR-122 [35]. In addition, miR-122 
induced apoptosis in NSCLC cells by triggering 
expression of apoptotic genes; Bad, Bak and 
Caspase-3 causing cell death. Moreover, cells 
transfected with miR-122 showed strong posi-
tive staining for Annexin-V which further con-
firmed the induction of apoptosis. In HCC miR-
122 enhanced drug sensitivity, modulated p53 
activity [36], and induced cell cycle arrest [37]. 
The data presented here indicates a novel 
mechanism of ephrinA1 induced anti-oncogen-
ic effects via miR-122 expression. Additionally, 
miR-122 expression was regulated by the tran-
scription factor Bach-1. Furthermore, miR-122 
regulated NSCLC cell tumorsphere growth, 
migration, and apoptosis. MiR-122 targets an 
anti-apoptotic gene, Bcl-w whose high expres-
sion at protein levels in combination with proto-
oncogenes contribute to NSCLC growth. 

In summary, the study here demonstrated the 
novel mechanism of ephrinA1 mediated anti-
oncogenic effects is regulated by miR-122 in 

Figure 4. EphrinA1 and miR-122 inhibited tumor-
sphere growth of A-549 and H-23 NSCLC in matrigel. 
Morphology of tumorspheres was shown after 12 
days of culture. Data presented is the representative 
of three similar observations. 
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NSCLC cells. MiR-122 targets the endogenous 
apoptosis regulator Bcl-w gene and triggers 
apoptosis by enhancing the expression of Bad, 
Bak and Caspase-3, and Annexin-V in NSCLC 
cells. Thus, suggesting that therapeutic inter-
ventions targeting miR-122/Bcl-w pathways in 
NSCLC cells may be a potential strategy to 
induce anti-oncogenic effects in NSCLC.
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