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microRNA-520a-3p inhibits proliferation and cancer stem cell
phenotype by targeting HOXDS in non-small cell lung cancer
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Abstract. Formation of cancer stem cells (CSCs) and
increased cells proliferation are involved in tumorigenesis,
tumour recurrence and therapy resistance and microRNA is
essential for the development of the biological traits of CSCs
and the increased cells proliferation. Studying molecular
mechanism of tumorigenesis, tumour recurrence and therapy
resistance of lung cancer will help us to further understand
the pathogenesis and progression of the disease and offer
new targets for effective therapies. In the present study,
we found that miR-520a-3p expression is downregulated in
NSCLC (non-small cell lung cancer) and SCLC (small cell
lung cancer). miR-520a-3p can inhibit proliferation and
cancer stem cell phenotype in NSCLC and SCLC cells.
Overexpressing miR-520a-3p can degrade HOXD8 mRNA in
NSCLC cells, but its overexpression cannot suppress HOXDS
in SCLC cells. HOXDS protein is upregulated in NSCLC
tissues and its overexpression can promote proliferation,
formation of cancer stem cells, migration and invasion in
NSCLC cells. MET amplification plays a pivotal role in gefi-
tinib resistance in lung cancer. We found that miR-520a-3p
can downregulate MET protein expression and HOXDS8 can
upregulate MET protein expression. Thus, we concluded
that microRNA-520a-3p inhibits proliferation and cancer
stem cell phenotype by targeting HOXDS in NSCLC cells
and restoration of microRNA-520a-3p might be a therapeutic
strategy to reverse gefitinib resistance.
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Introduction

Lung cancer is the leading cause of cancer-related mortality
worldwide. Non-small cell lung cancer (NSCLC) accounts
for approximately 80% of lung cancers. Despite considerable
progress in diagnosis and treatment, the overall 5-year survival
rate of NSCLC patients still remains <15% (1,2). These find-
ings underscore that elucidating molecular mechanism of
pathogenesis and progression of lung cancer will offer novel
targets for effective therapies.

Cancer stem cells (CSCs) or cancer initiating cells
(CICs) are a rare subpopulation of undifferentiated cells
that are responsible for tumor initiation, maintenance and
spreading (3-5). They have been identified in various human
malignancies, including breast, brain, prostate, pancreatic,
colon and lung cancer (6-11). CSCs have been blamed for
playing a critical role in drug resistance and cancer metastasis,
which may explain why it is difficult to completely eradicate
cancer and why recurrence is a real threat in eradication of
tumors completely (12-14).

MicroRNAs (miRNAs/miRs) are small non-coding RNAs
of 20-22 nucleotides that have been implicated in various
types of cancer (15-17). Abnormal miRNA expression has
been linked to diseases, including lung cancer and it has
been found implicated in a multitude of cellular processes
including proliferation, differentiation, invasion, migration
and apoptosis (16,18-24). MicroRNAs (miRNAs) regulate
both normal stem cells and CSCs and miRNA dysregulation
has been implicated in tumorigenesis (16,25-28). Recently, it
has been reported that miR-520a-3p can inhibit proliferation,
apoptosis and metastasis in NSCLC by targeting MAP3K?2,
and miR-520a-3p may be used as a prognostic marker for
NSCLC in clinical research (29). However, its roles still keep
emerging in lung cancer.

In the present study, we found that miR-520a-3p expres-
sion is downregulated in NSCLC (non-small cell lung cancer)
and SCLC (small cell lung cancer). miR-520a-3p can inhibit
proliferation and cancer stem cell phenotype in NSCLC
and SCLC cells. Overexpressing miR-520a-3p can degrade
HOXDS8 mRNA in NSCLC cells, but its overexpression cannot
suppress HOXDS in SCLC cells. HOXDS protein is upregu-
lated in NSCLC tissues and its overexpression can promote
proliferation, formation of cancer stem cells, migration and
invasion in NSCLC cells. MET amplification play a pivotal
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role in gefitinib resistance in lung cancer. We found that
miR-520a-3p can downregulate MET protein expression and
HOXDS8 can upregulate MET protein expression, implying
that miR-520a-3p and HOXD8 might be potential targets for
the therapy of NSCLC. Thus, we concluded that microRNA-
520a-3p inhibits proliferation and cancer stem cell phenotype
by targeting HOXDS8 in NSCLC cells and restoration of
microRNA-520a-3p might be a therapeutic strategy to reverse
gefitinib resistance.

Materials and methods

NSCLC and SCLC tissues. Lung cancer tissues and adjacent
normal tissues were obtained from the First Affiliated Hospital
of Zhengzhou University. All tissues (20 NSCLC tissues and
19 SCLC tissues) were examined histologically, and patholo-
gists confirmed the diagnosis. Medical ethics committee has
approved the experiments undertaken. The use of human's
tissue samples follows internationally recognized guidelines
as well as local and national regulations. Informed consent
was obtained from each individual.

NSCLC and SCLC cell lines. NSCLC cell line A549 and SCLC
cell line NCI-H1688 were obtained from the American Type
Culture Collection (ATCC; Manassas, VA, USA). Cells were
grown in culture medium, as recommended by the ATCC.
Cells were cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco-Invitrogen, Carlsbad, CA, USA) containing
10% fetal calf serum (FCS), 2 mM L-glutamine, 100 U/ml
penicillin and 100 pg/ml streptomycin at 37°C in a humidified
5% CO, atmosphere.

Pre-miR-520a-3p/control miR, HOXDS expressing plas-
mids/empty vectors and transfection. Pre-miR-520a-3p and
control-miR were purchased from Ambion (Austin, TX,
USA). A final concentration of 50 nM of Pre-miR-520a-3p
and its respective negative control (control-miR) were
used for each transfection. HOXDS8 expressing plasmids/
empty vectors were purchased from Tiangen Biotech, Co.,
Ltd. (Beijing, China). A final concentration of 10 ug of
HOXD8 expressing plasmids and its respective negative
control (empty vectors) were used for each transfection.
For the transfection experiments, the cells were cultured in
serum-free medium without antibiotics at 60% confluence
for 24 h, and then transfected with transfection reagent
(Lipofectamine 2000; Invitrogen) according to the manu-
facturer's instructions. After incubation for 6 h, the medium
was removed and was replaced with normal culture medium
for 48 h, unless otherwise specified.

Real-time PCR for miRNA. Total RNA from cultured cells,
with efficient recovery of small RNAs, was isolated using
the mirVana miRNA isolation kit (Ambion). Detection of the
mature form of miRNAs was performed using the mirVana
qRT-PCR miRNA detection kit, according to the manufac-
turer's instructions (Ambion). The U6 small nuclear RNA was
used as an internal control.

MTT assay. MTT assay was performed as previously
described (31).
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Sphere growth. Cells (10>/ml) in serum-free RPMI-1640/1 mM
Na-pyruvate were seeded on 0.5% agar precoated 6-well
plates. After 1 week, half the medium was changed every third
day. Single spheres were picked and counted.

Western blot analysis. Western blot analysis was performed
as previously described (22). Mainly, after incubation with
primary antibody anti-ASCL1 (1:500; Abcam, Cambridge,
MA, USA), antibody anti-ALDH1A1 (1:500; Abcam), anti-
HOXDS (1:500; Abcam), anti-p53 (1:500; Abcam), anti-PTEN
(1:500; Abcam), anti-p21 (1:500; Abcam) anti-GRP78 (1:500;
Abcam), anti-ZEB1 (1:500; Abcam), anti-MET (1:500; Abcam)
and anti-f-actin (1:500; Abcam) overnight at 4°C, IRDye™ -
800 conjugated anti-rabbit secondary antibodies (Li-COR,
Biosciences, Lincoln, NE, USA) were used for 30 min at
room temperature. The specific proteins were visualized by
Odyssey™ Infrared Imaging System (Neogen Corp., Lincoln,
NE, USA).

Immunofluorescence analyses. Immunofluorescence analyses
were performed as previously described (31).

Methods of bioinformatics. The analysis of potential
microRNA target sites using the commonly used prediction
algorithm-miRanda (http://www.targetscan.org//).

Migration and invasion assay. It was performed as previously
described (32).

Reverse transcription-polymerase chain reaction and real-
time for mRNA. It was performed as previously described (33).
Primers for HOXDS: forward-5'-TTCCCTGGATGAGAC
CACAAGCAGC-3' and reverse-5'-GTCTCTCCGTGAGGG
CCAGAGT-3". Primers for GAPDH: forward-5-CGGAGTC
AACGGATTTGGTCGTAT-3' and reverse-5'-AGCCTTCT
CCATGGTGGTGAAGAC-3.

Statistical analysis. Data are presented as mean = SEM.
Student's t-test (two-tailed) was used to compare two groups
(P<0.05 was considered significant), unless otherwise indi-
cated () test).

Results

Expression of miR-520a-3p is downregulated in NSCLC
and SCLC. In an attempt to identify miR-520a-3p expres-
sion between the lung cancer tissues and the adjacent normal
tissues, we performed real-time PCR in cancer tissues vs.
normal tissues. mRNA was isolated from 39 pairs of lung
cancer tissues (20 NSCLC tissues and 19 SCLC tissues) and
adjacent normal tissues (ANT). We found that miR-520a-3p
was significantly decreased in NSCLC and SCLC tissues,
compared with their adjacent normal tissues (Fig. 1). It
implied that miR-520a-3p could be a tumor suppressive gene
in NSCLC and SCLC.

miR-520a-3p inhibits proliferation in NSCLC and SCLC.
To investigate whether miR-520a-3p can affect proliferation
of NSCLC and SCLC cells, using real-time PCR, we tested
whether pre-miR-520a-3p could stably express miR-520a-3p in
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Figure 1. Expression of miR-520a-3p is downregulated in NSCLC and SCLC.
(A) Real-time PCR for miR-520a-3p in NSCLC tissues and adjacent normal
tissues (ANT). U6 was a loading control. N=20. (B) Real-time PCR for
miR-520a-3p in SCLC tissues and adjacent normal tissues (ANT). U6 was a
loading control. N=19.
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Figure 2. miR-520a-3p inhibits proliferation in NSCLC and SCLC cells. (A)
Real-time PCR for miR-520a-3p in NSCLC A549 cells transfected with pre-
miR-520a-3p or control miR (mock). U6 was a loading control. (B) Real-time
PCR for miR-520a-3p in SCLC NCI-H1688 cells transfected with pre-miR-
520a-3p or control miR (mock). U6 was a loading control. (C) MTT assay
for NSCLC A549 cells transfected with pre-miR-520a-3p and control miR
(mock). (D) MTT assay for SCLC NCI-H1688 cells transfected with pre-
miR-520a-3p and control miR (mock). All experiments were repeated three
times, n=3.

AS549 cells (NSCLC cells) and NCI-H1688 cells (SCLC cells).
The results showed that miR-520a-3p could be significantly
increased by pre-miR-520a-3p in the two cell lines (Fig. 2A
and B). Next, we performed MTT assay to detect proliferation
of A549 cells and NCI-H1688 cells transfected with pre-
miR-520a-3p. The results showed that miR-520a-3p inhibited
proliferation in the two cell lines (Fig. 2C and D).
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Figure 3. miR-520a-3p inhibits stem cell-like phenotypes in NSCLC and
SCLC cells. (A) Sphere growth for NSCLC A549 cells transfected with pre-
miR-520a-3p and control miR (mock). Left panel shows microscopic pictures
of sphere growth. Left panel shows graphic presentation of average sphere
diameter. (B) Western blot analysis for ASCL1 and ALDH1A1 in A549 cells.
AS549 cells were transfected with pre-miR-520a-3p or control miR (mock).
B-actin was a loading control. (C) Sphere growth for SCLC NCI-H1688 cells
transfected with pre-miR-520a-3p and control miR (mock). Left panel shows
microscopic pictures of sphere growth. Left panel shows graphic presenta-
tion of average sphere diameter. (D) Western blot analysis for ASCL1 and
ALDHIAT in A549 cells. A549 cells were transfected with pre-miR-520a-3p
or control miR (mock). B-actin was a loading control. All experiments were
repeated three times, n=3.

miR-520a-3p inhibits stem cell-like phenotypes in NSCLC
and SCLC. To determine whether miR-520a-3p could affect
formation of CSCs in NSCLC and SCLC, we performed sphere
forming assay to assess the capacity of CSC or CSC-like cell
self renewal in the present study. We found that formation
of spheres was decreased by miR-520a-3p in A549 cells and
NCI-H1688 cells (Fig. 3A and C). Achaete-scute complex
homolog 1 (ASCL1) is critical for enhanced tumor-initiating
capacity in the CD133"e" SCLC sub-population (34). In order
to detect whether miR-520a-3p could regulate ASCLI1 protein
expression in A549 cells and NCI-H1688 cells, we performed
western blot analysis to assess ASCLI protein levels. The results
showed that miR-520a-3p cannot regulate ASCLI protein in
A549 cells, but it could significantly suppress the protein in
NCI-H1688 cells (Fig. 3B and D). Aldehyde dehydrogenase 1
(ALDHI1AL1) is a tumor stem cell-associated marker in lung
cancer (35). We also performed western blot analysis to detect
whether miR-520a-3p could regulate ALDH1A1. The results
demonstrated that ALDH1A1 was downregulated in A549
cells and NCI-H1688 cells (Fig. 3B and D).

miR-520a-3p can degrade HOXDS in NSCLC A549 cells.
To search target genes of miR-520a-3p, we commonly used
prediction algorithm, TargetScan (http://www.targetscan.
org/) to predict its target genes. The algorithm predicted that
dozens of target genes could be targeted by miR-520a-3p. We
were interested in HOXDS, because we found that contrary
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Figure 4. miR-520a-3p can degrade HOXDS8 in NSCLC A549 cells.
(A) Schematic of predicted miR-520a-3p-binding sites in the 3'UTR of
HOXD8 mRNA by TargetScan. (B) Western blot analysis for HOXDS in
A549 cells. A549 cells were transfected with pre-miR-520a-3p or control
miR (mock). 3-actin was a loading control. (C) Immunofluorescence analyses
for HOXD8 in A549 cells transfected with pre-miR-520a-3p or control miR
(mock). (D) RT-PCR for HOXDS8 in A549 cells. A549 cells were transfected
with pre-miR-520a-3p or control miR (mock). GAPDH was a loading control.
(E) Real-time RT-PCR for HOXD8 in A549 cells transfected with pre-miR-
520a-3p or control miR (mock). U6 was a loading control. All experiments
were repeated three times, n=3.

to miR-520a-3p, it can promote proliferation and cancer stem
cell phenotypes (data shown below). Thus, we reasoned that
miR-520a-3p might inhibit proliferation and stem cell-like
phenotypes by regulating HOXDS8 in NSCLC and SCLC.

Target sites of miR-520a-3p on 3'UTR of HOXDS8 are
shown in Fig. 4A. In an attempt to identify the role of
miR-520a-3p in regulating HOXDS8 protein expression in
A549 cells, we performed western blot analysis in cells trans-
fected with miR-520a-3p and control miR. The results showed
that HOXDS protein was evidently suppressed in the cells
transfected with pre-miR-520a-3p (Fig. 4B). Moreover, we
performed immunofluorescence analysis in A549 cells trans-
fected with pre-miR-520a-3p and control miR. Consistent with
the results of western blotting, the results of immunofluores-
cence showed that HOXDS protein was evidently suppressed
in the cells transfected with pre-miR-520a-3p (Fig. 4C).

We next performed RT-PCR and real-time PCR to detect
HOXDS8 mRNA expression in A549 cells transfected with pre-
miR-520a-3p or control miR. The results of RT-PCR showed
that HOXD8 mRNA was significantly downregulated in the
cells transfected with pre-miR-520a-3p (Fig. 4D). Consistent
with the results of RT-PCR, real-time PCR demonstrated that
HOXD8 mRNA was reduced in A549 cells transfected with
pre-miR-520a-3p, compared with control miR-transfected
groups (Fig. 4E). All the data demonstrated that miR-520a-3p
can degrade HOXD8 mRNA expression in NSCLC A549 cells.
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Figure 5. miR-520a-3p cannot suppress HOXD8 expression in SCLC
NCI-H1688 cells. (A) Western blot analysis for HOXDS8 in NCI-H1688 cells.
NCI-H1688 cells were transfected with pre-miR-520a-3p or control miR
(mock). B-actin was a loading control. (B) Immunofluorescence analyses for
HOXDS in NCI-H1688 cells transfected with pre-miR-520a-3p or control
miR (mock). (C) RT-PCR for HOXDS8 in NCI-H1688 cells. NCI-H1688 cells
were transfected with pre-miR-520a-3p or control miR (mock). GAPDH was
a loading control. (D) Real-time RT-PCR for miR-520a-3p in NCI-H1688
cells transfected with pre-miR-520a-3p or control miR (mock). U6 was a
loading control. All experiments were repeated three times, n=3.

miR-520a-3p cannot suppress HOXDS8 expression in SCLC
NCI-HI1688 cells. Having demonstrated that miR-520a-3p can
degrade HOXD®8 in NSCLC A549 cells, we further studied
whether HOXDS is regulated by miR-520a-3p in SCLC
NCI-H1688 cells.

In an attempt to identify the role of miR-520a-3p in
regulating HOXDS8 protein expression in NCI-H1688 cells,
we performed western blot analysis and immunofluores-
cence analysis in cells transfected with pre-miR-520a-3p and
control miR. The results showed that HOXDS protein was
not changed in the cells transfected with pre-miR-520a-3p
(Fig. 5A and B). We next performed RT-PCR and real-time
PCR to detect HOXD8 mRNA expression in NCI-H1688 cells
transfected with pre-miR-520a-3p or control miR. The results
of RT-PCR and real-time PCR showed that HOXD8 mRNA
was not significantly changed in the cells transfected with pre-
miR-520a-3p (Fig. 5C and D).

HOXDS is upregulated in cancer tissues and its overexpres-
sion can promote proliferation, migration, invasion and
cancer stem cell phenotype in NSCLC A549 cells. To identify
HOXDS expression between NSCLC tissues and adjacent
normal tissues, we performed western blot analysis in cancer
tissues vs. normal tissues. Protein was isolated from 20 NSCLC
tissues and 20 adjacent normal tissues. We found that HOXD8
expression was significantly increased in NSCLC tissues,
compared with adjacent normal tissues (Fig. 6A). It implied
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Figure 6. HOXDS is upregulated in cancer tissues and its overexpression can
promote proliferation, migration, invasion and cancer stem cell phenotype in
NSCLC A549 cells. (A) Western blot analysis for HOXD8 in NSCLC tissues
and adjacent normal tissues. 3-actin was a loading control. N=20. (B) Western
blot analysis for HOXDS8 in A549 cells. The cells were transfected with
HOXD8 expressing plasmids or empty vectors (mock). $-actin was a loading
control. (C) MTT assay for A549 cells transfected with HOXD8 expressing
plasmids or empty vectors (mock). (D) Western blot analysis for p53, PTEN
and p21 in A549 cells. The cells were transfected with HOXDS8 expressing
plasmids or empty vectors (mock). B-actin was a loading control. (E) Sphere
growth for A549 cells transfected with HOXD8 expressing plasmids or
empty vectors (mock). (F) Matrigel invasion assay for A549 cells transfected
with HOXDS expressing plasmids or empty vectors (mock). (G) Western
blot analysis for GRP78 in A549 cells. NSCLC A549 cells were transfected
with HOXD8 expressing plasmids or empty vectors (mock). 3-actin was a
loading control. (H) Transwell migration assay for A549 cells transfected
with HOXDS expressing plasmids or empty vectors (mock). (I) Western blot
analysis for ZEBI in A549 cells. NSCLC A549 cells were transfected with
HOXD8 expressing plasmids or empty vectors (mock). $-actin was a loading
control. All experiments were repeated three times, n=3.

that HOXD8 could be an oncogene in NSCLC. To investigate
whether HOXDS can affect proliferation ofA549 cells, using
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Figure 7. Pre-miR-520a-3p inhibits MET protein expression and HOXD8
induced MET protein expression. (A) Western blot analysis for MET in A549
cells. A549 cells were transfected with pre-miR-520a-3p or control miR
(mock). f-actin was a loading control. (B) Western blot analysis for MET in
AS549 cells. A549 cells were transfected with HOXD8 or empty vectors (mock).
B-actin was a loading control. All experiments were repeated three times, n=3.

western blot, we tested whether HOXDS expressing plasmids
could stably express HOXDS protein in A549 cells. The results
showed that HOXDS8 could be significantly increased by
HOXDS expressing plasmids in the cell line (Fig. 6B).

Next, we performed MTT assay to detect proliferation of
A549 cells transfected with HOXDS8 expressing plasmids and
empty vectors. The results showed that HOXDS8 promoted
proliferation in A549 cells (Fig. 6C). To further confirm that
HOXD8 could regulate proliferation, we performed western
blot analysis to detect proliferation markers, p53, PTEN and
p21 and found that HOXDS significantly inhibited p5S3, PTEN
and p21 protein expression in A549 cells (Fig. 6D).

To determine whether overexpressing HOXD8 could affect
stem cell-like phenotypes in A549 cells, we performed sphere
forming assay to assess the capacity of CSC or CSC-like cell
self renewal in this study. We found that formation of spheres
was increased by HOXDS8 in A549 cells (Fig. 6E). In order to
detect whether HOXDS could regulate invasion and migration
in A549 cells, we performed invasion and migration assay to
assess the role of HOXDS on A549 cells. The results showed
that overexpressing HOXD8 promoted migration and invasion
in A549 cells (Fig. 6F and H). Upregulation of glucose-
regulated protein 78 (GRP78) expression can promote NSCLC
cell invasion (36). To indentify whether GRP78 is regulated
by HOXDS, we performed western blot analysis to assess
GRP78 protein levels in A549 cells transfected with HOXD8
expressing plasmids and empty vectors. The results showed
that GRP78 protein was significantly promoted by HOXDS in
A549 cells (Fig. 6G). Moreover, we found that overexpressing
HOXD8 could significantly induce ZEB1 protein expression
(Fig. 61).

Pre-miR-520a-3p inhibits MET protein expression and
HOXDS induces MET protein expression. MET amplification
play a pivotal role in gefitinib resistance in lung cancer (30).
In order to detect the role of pre-miR-520a-3p and HOXDS on
MET expression, we performed western blot analysis to detect
MET protein in A549 cells transfected with pre-miR-520a-3p
and control miR. The results demonstrated that miR-520a-3p
inhibited MET protein in A549 cells (Fig. 7A). Contrary to
miR-520a-3p, we found that overexpressing HOXDS8 induced
MET protein expression in A549 cells (Fig. 7B). Thus, the
results implied that pre-miR-520a-3p downregulation and
HOXDS upregulation might play an important role in gefitinib
resistance in NSCLC.
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Discussion

It was reported that miR-520a-3p is downregulated in NSCLC
tissues (29). But there is no report on the expression of miR-
520a-3p in SCLC. Consistent with the report, we confirmed
that miR-520a-3p was downregulated in NSCLC tissues.
Moreover, we also demonstrated that miR-520a-3p expression
is suppressed in SCLC tissues. The results indicate that miR-
520a-3p might be a tumor suppressive gene in both NSCLC
and SCLC. microRNA-520a-3p can inhibit proliferation,
apoptosis and metastasis by targeting MAP3K?2 in non-small
cell lung cancer (29). Consistent with the report, we showed
that overexpressing microRNA-520a-3p suppressed prolifera-
tion in NSCLC and SCLC cells.

CSCs assume a central role in both tumorigenesis and
metastasis (37). Better understanding of the regulatory mecha-
nisms of CSCs as a fundamental component of the metastatic
cascade will lead to novel therapeutic strategies against meta-
static cancer. Herein, we demonstrated that overexpressing
pre-miR-520a-3p significantly inhibited sphere growth in
NSCLC and SCLC cells. ALDHI1ALI is a lung tumor stem
cell-associated marker (34). We demonstrated that ALDH1A1
protein is inhibited by miR-520a-3p in NSCLC and SCLC cells.
Moreover, ASCLI1 (achaete-scute complex homolog 1, Mashl1),
a proneural basic helix-loop-helix (P HLH) transcription factor,
was initially identified as a key regulator of early development
of mitotically-active precursors for both neurons and oligoden-
drocytes (38). ASCLI is highly expressed in classic SCLC and
in NSCLC with neuroendocrine (NE) phenotype features (39).
ASCLI regulates tumor-initiating capacity in human small
cell lung cancer (34). Our results showed that ASCLI1 protein
can be suppressed by miR-520a-3p in SCLC cells, but it cannot
be suppressed in NSCLC cells highlighting that the different
roles of miR-520a-3p in NSCLC and SCLC cells.

In this study, we found that HOXDS is another target gene
of miR-520a-3p in NSCLC, besides MAP3K?2. miR-520a-3p
could degrade HOXD8 mRNA in NSCLC cells. However,
we found that HOXDS8 was not suppressed in SCLC cells
by miR-520a-3p, implying that miR-520a-3p functions as a
tumor suppressive gene by different mechanism in SCLC and
NSCLC. For the first time, we showed that HOXDS protein is
upregulated in NSCLC tissues and its overexpression promoted
proliferation, cancer stem cell phenotypes, migration and inva-
sion in NSCLC cells.

Gefitinib-sensitive lung cancer cell line can develop resis-
tance to gefitinib as a result of focal amplification of the MET
proto-oncogene. Inhibition of MET signaling in lung cells
can restore their sensitivity to gefitinib (30). We showed that
miR-520a-3p can inhibit MET protein expression and HOXDS
can induce MET protein expression, implying that miR-520a-3p
downregulation and HOXDS8 upregulation may play an impor-
tant role in the development of gefitinib resistance.
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