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Abstract. microRNAs play important roles in numerous biolog-
ical processes, including tumorigenesis, by modulating critical 
gene transcripts. In the present study, the role of microRNA‑802 
(miR‑802) in lung cancer was investigated. The results of the 
quantitative polymerase chain reaction revealed that expres-
sion levels of miR‑802 were significantly upregulated in lung 
cancer tissues. In vitro experiments demonstrated that miR‑802 
promoted cell proliferation in A549, NCI‑H358 and NCI‑H1299 
cells. Furthermore, it was indicated that miR‑802 promoted 
the proliferation of lung carcinoma by targeting the tumor 
suppressor menin. Therefore, these results suggest a previously 
unknown miR‑802/menin molecular network controlling lung 
carcinoma development.

Introduction

Lung cancer, including small cell lung cancer and non‑small 
cell lung cancer, has become the most common cause of 
cancer‑related mortality worldwide  (1). Therefore, under-
standing the mechanisms of lung cancer for the development of 
effective therapies is of great importance.

microRNAs (miRNAs), a class of noncoding RNAs, between 
19 and 30 nucleotides in length, post‑transcriptionally modu-
late gene expression by negatively regulating the stability or 
translational efficiency of certain mRNAs (2,3). Accumulating 
evidence has shown that the miRNAs have critical roles in 
numerous processes, including developmental events, cell 
differentiation and apoptosis, glucose and lipid metabolism and 
cancer initiation and progression (4,5). Furthermore, a number 
of recent studies have found that the dysregulated expression of 
certain miRNAs is involved in lung cancer and that this contrib-

utes to tumorigenesis (6‑8). miR‑143, for example, has been 
found to be downregulated in lung cancer tissues and cell lines. 
It has been demonstrated that, at the molecular level, miR‑143 
significantly inhibits the migration and invasion of lung cancer 
cells by targeting cluster of differentiation 44v3 (9). Therefore, 
the identification and understanding of the specific roles of 
certain miRNAs may provide a novel and promising strategy 
for the development of therapeutic treatments against cancer. 

In the present study, miR‑802 was investigated as a posi-
tive regulator of proliferation in lung cancer cell lines (A549, 
NCI‑H358 and NCI‑H1299). It was hypothesized that miR‑143 
may regulate proliferation by targeting the tumor suppressor 
menin.

Material and methods

Tissue samples. A total of 40 pairs of tumor tissues and adjacent 
normal tissues were collected from routine therapeutic surgery 
at the Department of Thoracic Surgery, Qingdao Municipal 
Hospital (Qingdao, China). All samples were obtained with 
informed consent and approved by the Qingdao Municipal 
Hospital institutional review board.

Cell culture. Three lung cancer cell lines (A549, NCI‑H358 
and NCI‑H1299) were obtained from the Chinese Academy 
of Sciences Cell Bank (Shanghai, China). Cells were cultured 
in Dulbecco's modified Eagle's medium (Gibco‑BRL, Beijing, 
China) supplemented with 10% fetal bovine serum (Gibco‑BRL). 
Cultures were maintained at 37˚C in a humidified atmosphere 
with 5% CO2. 

Analysis of miRNA expression using TaqMan® quantita‑
tive polymerase chain reaction (qPCR). Total RNA from 
tissues or cell lines was harvested using the miRNA Isolation 
kit (Ambion®, Austin, TX, USA). The expression of mature 
miRNAs was assayed using the TaqMan miRNA Assay 
(Applied Biosystems™, Foster City, CA, USA) specific for 
hsa‑miR‑802. Briefly, 5 ng total RNA was reverse transcribed 
to cDNA using specific stem‑loop reverse transcription primers. 
qPCR was performed using an Applied Biosystems  7500 
Real‑Time PCR System and a TaqMan Universal PCR Master 
Mix. All the primers were obtained from the TaqMan miRNA 
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Assays. U6 small nuclear RNA (Applied Biosystems) was used 
as an internal control.

BrdU assays. A cell proliferation ELISA (BrdU kit; Beyotime, 
Haimen, China) was used to analyze the incorporation of BrdU 
during DNA synthesis in accordance with the manufacturer's 
instructions. All experiments were performed in triplicate. 
Absorbance was measured at 450 nm in the Spectra Max 190 
ELISA reader (Molecular Devices, Sunnyvale, CA, USA)

Plasmid construction and transfection. For the miR‑802 
expression plasmid, human miR‑802 precursor was cloned into 
pSilencer 4.1 (Ambion). The negative control plasmid consisted 
of a scrambled sequence (Ambion). To inhibit miR‑802 func-
tion, an Ambion miRNA inhibitor of miR‑802 was used, 
along with the negative control. For transfection, a complex of 
Lipofectamine 2000 (Invitrogen Life Technologies, Carlsbad, 
CA, USA) and 25 nM of the miRNAs mentioned above was 
prepared in accordance with the manufacturer's instructions. 

miR‑802 targets prediction. The putative targets of miR‑802 
were predicted using the miRWalk software (10). The algorithm 
produced a list of hundreds of target genes for miR‑802 by 
searching for the presence of conserved heptamer and octamer 
sites matching the seed region of miR‑802.

Western blot analysis. Cells were harvested and lysed with 
ice‑cold lysis buffer (50 mM Tris‑HCl, pH 6.8, 2 mM 2-mercap-
toethanol, 2% w/v SDS and 10% glycerol). The cells were 
centrifuged at 20,000 x g for 10 min at 4˚C, and the proteins in 
the supernatant were quantified and separated using 10% SDS 
PAGE and transferred to a nitrocellulose membrane (Amersham 
Pharmacia Biotech, Amersham, UK). Following blocking with 
10% nonfat milk in phosphate‑buffered saline, membranes were 
immunoblotted with antibodies as indicated, followed by horse-
radish peroxidase‑linked secondary antibodies (Cell Signaling 
Technology, Inc., Beverly, MA, USA). The signals were 
detected using a SuperSignal™ West Pico Chemiluminescent 
Substrate kit (Pierce, Rockford, IL, USA) in accordance with 
manufacturer's instructions. Anti‑menin, -p18 and -p27 anti-
bodies were purchased from Abcam (Cambridge, MA, USA). 
Anti‑β‑catenin and -p65 antibodies were purchased from Cell 
Signaling Technology, Inc. Protein levels were normalized 
against GAPDH or Lamin B (Santa Cruz Biotechnology, Inc., 
Santa Cruz, CA, USA).

Luciferase reporter assay. Total cDNA from A549 cells was 
used to amplify the 3'‑untranslated region (UTR) of menin by 
PCR. The menin 3'‑UTR was cloned into pMIR‑REPORT™ 
(Ambion), resulting in pMIR‑REPORT‑menin. Mutations 
were introduced into potential miR‑802 binding sites using the 
QuikChange® Site‑Directed Mutagenesis kit (Stratagene, La 
Jolla, CA, USA). Cells were transfected with the pMIR‑REPORT 
vectors containing the 3'‑UTR variants, the miR‑802 precursor 
and control plasmids for 36 h. The pRL‑TK vector (Promega 
Corporation, Madison, WI, USA) carrying the Renilla lucif-
erase gene was used as an internal control to normalize the 
transfection efficiency. Luciferase values were determined 
using the Dual‑Luciferase Reporter Assay system (Promega 
Corporation).

Flow cytometric analysis. To assess the distribution of nuclear 
DNA content, cells were collected, rinsed and fixed overnight 
in 75% cold ethanol at -20˚C. Subsequently, cells were treated 
with Tris‑HCl buffer (pH 7.4) supplemented with 100 µg/ml 
RNase A and stained with 25 µg/ml propidium iodide (BD 
Biosciences, San Diego, CA, USA). Cell cycle distribution was 
determined by flow cytometry (Becton Dickinson, San Jose, 
CA, USA). In total, 10,000 cells were acquired and analyzed 
for DNA content. All data were collected, stored and analyzed 
by ModFit software (Becton Dickinson).

Statistical analysis. Data are expressed as the mean ± standard 
error of the mean from at least three separate experiments. 
Differences between groups were analyzed using a Student's 
t‑test analysis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

miR‑802 expression levels are increased in lung carcinoma 
tissues. miR‑802 expression levels were determined using 
TaqMan qPCR in 40 pairs of human lung carcinoma tissues 
and adjacent matched noncancerous tissues. As shown in 
Fig. 1, the expression levels of miR‑802 were significantly 
upregulated in cancer tissues in comparison with those in 
adjacent noncancerous tissues.

miR‑802 overexpression promotes lung cancer cell prolifera‑
tion. To determine the effects of miR‑802 on lung carcinoma 
cell growth, miR‑802 precursor was transfected into A549, 
NCI‑H358 and NCI‑H1299 cells (Fig. 2A‑C). As a result of 
miR‑802 overexpression, the proliferative ability in these cells 
post‑transfection was significantly enhanced (Fig.  2D‑F). 
Furthermore, cells overexpressing miR‑802 had a significantly 
lower percentage of cells in the G1/G0 phase and increased 
percentage of cells in the S phase, compared with negative 
control‑transfected cells (Fig. 2G‑I).

miR‑802 antisense inhibits the proliferation of lung cancer 
cells. Cells were transfected with miR‑802 antisense to block 
the functions of endogenous miR‑802. As a result of ectopic 
expression of the hsa‑miR‑802 antisense, a reduction in 
proliferative ability was observed in A549, NCI‑H358 and 

Figure 1. Expression levels of miR‑802 in lung cancer tissues. miR‑802 
expression was determined using a quantitative polymerase chain reac-
tion in human lung cancer tissues (Tumor) and adjacent noncancerous 
tissues (Normal). ***P<0.001 compared with normal tissues. miR‑802, 
microRNA‑802.
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Figure 2. Overexpression of miR‑802 promotes lung cancer cell proliferation. (A‑C) Expression of miR‑802 was determined in (A) A549, (B) NCI‑H358 and 
(C) NCI‑H1299 cells transfected with miR‑802 precursor or NC plasmids. ***P<0.001 compared with NC. (D‑F) Cell proliferation (BrdU) was determined in 
(D) A549, (E) NCI‑H358 and (F) NCI‑H1299 cells transfected with miR‑802 precursor or NC plasmids. A450 absorption was assayed 24 h after transfection. 
*P<0.05 and **P<0.01 compared with NC. (G‑I) Cell cycle analysis of (G) A549, (H) NCI‑H358 and (I) NCI‑H1299 cells transfected with miR‑802 precursor or 
NC plasmids using flow cytometry. Cells were labeled for 15 min with propidium iodide and immediately analyzed using flow cytometry. Bar charts represent 
the percentage of cells in each phase of the cell cycle (G0/G1, S and G2/M). miR‑802, microRNA‑802; Ctrl, control; NC, negative control.

Figure 3. miR‑802 AS inhibits the proliferation of lung cancer cells. (A‑C) Cell proliferation (BrdU) was determined in (A) A549, (B) NCI‑H358 and 
(C) NCI‑H1299 cells transfected with miR‑802 AS or NC plasmids. A450 absorption was assayed 24 h after transfection. *P<0.05 and **P<0.01 compared with 
NC. (D‑F) Cell cycle analysis of (D) A549, (E) NCI‑H358 and (F) NCI‑H1299 cells transfected with miR‑802 AS or NC plasmids using flow cytometry. 
miR‑802, microRNA‑802; AS, antisense; NC, negative control.
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Figure 4. miR‑802 represses menin expression by targeting its 3'‑UTR. (A) Prediction of miR‑802 binding sites in the 3'‑UTRs of the human menin gene 
using miRWalk software. Potential binding sites are highlighted in bold. (B) Luciferase reporter assays in A549 cells. Cells were transfected with 200 ng 
wildtype or mutant 3'‑UTR‑reporter constructs together with 50 nM miR‑802 precursor or NC. (C‑D) Western blot analysis of menin protein expression in 
A549 cells transfected with (C) miR‑802 precursor, (D) miR‑802 AS or NC. (E‑H) Western blot analysis of menin protein expression in (E and F) NCI‑H358 
and (G and H) NCI‑H1299 cells transfected with (E and G) miR‑802 precursor, (F and H) miR‑802 AS or NC. miR‑802, microRNA‑802; UTR, untranslated 
region, AS, antisense; NC, negative control.

Figure 5. miR‑802 regulates downstream signaling and gene expression of menin. (A‑C) Nuclear β‑catenin and p65 expression was determined using western 
blot analysis in (A) A549, (B) NCI‑H358 and (C) NCI‑H1299 cells transfected with miR‑802 precursor or NC. Lamin B level was used as a loading control. 
(D‑F) p18 and p27 expression levels were determined using western blot analysis in (D) A549, (E) NCI‑H358 and (F) NCI‑H1299 cells transfected with 
miR‑802 precursor or NC. GAPDH level was used as a loading control. miR‑802, microRNA‑802; NC, negative control.
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NCI‑H1299 cells compared with negative control‑transfected 
cells (Fig. 3A‑C). Additionally, inhibition of miR‑802 signifi-
cantly increased the percentage of cells in the G0/G1 phase and 
decreased the percentage of cells in the S phase (Fig. 3D‑F).

miR‑802 targets the tumor suppressor menin and downregu‑
lates its expression. Using a stringent bioinformatics approach 
(miRWalk software), several putative human miR‑802 target 
genes were identified (data not shown), including the tumor 
suppressor gene menin (Fig.  4A). To investigate whether 
miR‑802 was able to directly bind to the 3'‑UTR of menin 
and repress its expression, luciferase report vectors containing 
the putative miR‑802 binding sites within the menin 3'‑UTR 
were constructed. As shown in Fig. 4B, overexpression of 
miR‑802 led to a reduction in luciferase activity when the 
reporter construct contained the menin 3'‑UTR in A549 
cells. To confirm that menin was a direct target of miR‑802, 
further luciferase reporter assays were performed with vectors 
containing a mutant menin 3'‑UTR. The mutation in the 
miR‑802 binding site from the menin 3'‑UTR abolished this 
effect of miR‑802, indicating that miR‑802 directly inhibits 
menin expression by targeting its 3'‑UTR (Fig. 4B).

The protein expression levels of menin showed an inverse 
correlation with miR‑802 expression in A549 cells. miR‑802 
precursor inhibited menin expression while miR‑802 anti-
sense increased menin protein expression, as indicated by the 
results from the western blot analysis (Fig. 4C and D). Similar 
results were also observed in NCI‑H358 and NCI‑H1299 cells 
(Fig. 4E‑H).

miR‑802 regulates downstream signaling of the tumor 
suppressor menin. A reduction in menin expression or activity 
has been found to lead to increased Wnt/β‑catenin and nuclear 
factor κ-light-chain-enhancer of activated B cells (NF‑κB)/p65 
activation in numerous types of tumor tissues and cells (11,12). 
As shown in Fig. 5A and B, overexpression of miR‑802 led to 
activation of Wnt/β‑catenin and NF‑κB/p65 signaling in lung 
carcinoma cells, as demonstrated by the increased levels of 
nuclear β‑catenin and p65 protein (Fig. 5A‑C). 

By contrast, menin has been found to upregulate expression 
of p18 and p27, two negative regulators of cell cycle progression, 
through recruitment of the histone methyltransferase protein 
complex (13). In accordance with this, reduced expression of 
p18 and p27 in lung carcinoma cells overexpressing miR‑802 
was also observed in the present study (Fig. 5D‑F). Therefore, 
these results further indicate that menin is an important target 
gene of miR‑802 in lung carcinoma cells.

Discussion

In the present study, miR‑802 was characterized as an miRNA 
that has an important role in the development of lung carci-
noma. A previous study demonstrated that miR‑802 modulates 
the biological efficacy of angiotensin II (Ang II) in the human 
gastrointestinal tract through regulation of the Ang II type 1 
receptor expression  (14). Furthermore, Kornfeld et al  (15) 
demonstrated that the deregulated expression of miR‑802 has 
a critical role in the development of the obesity‑associated 
impairment of glucose metabolism through targeting of 
hepatocyte nuclear factor‑1β (14). However, the present study 

is the first, to the best of our knowledge, to demonstrate that 
miR‑802 is expressed in lung cancer tissues, which suggests 
that miR‑802 may act as an oncogene in lung cancer.

To verify this hypothesis, the functional roles of miR‑802 
in three lung cancer cell lines were investigated. Using cell 
viability assays and cell cycle analysis it was demonstrated that 
selective overexpression of miR‑802 enhanced cell prolifera-
tion, whilst inhibition of miR‑802 repressed cell proliferation. 
Furthermore, using the luciferase reporter system assay in 
A549 cells, menin was identified as a novel direct target of 
miR‑802. In addition, western blot analysis confirmed that 
menin and its downstream target genes were regulated by 
miR‑802. 

A previous study found that menin may be the pathogenic 
gene for insulinoma in patients with multiple endocrine 
neoplasia type 1 (16). Menin has also been identified as a 
tumor suppressor in other types of tumors, including pituitary 
and parathyroid tumors, as well as adrenocortical and lung 
carcinoma (17). In addition, gene mutations in menin have 
been found in sporadic carcinoid tumors of the lung (18,19). 
At the molecular level, menin negatively regulates A549 cell 
proliferation and invasion, which is mediated by the growth 
factor pleiotrophin and its cell surface receptor, protein tyro-
sine phosphatase β/ζ (20,21).

The present study confirms that miR‑802 is upregulated 
in lung cancer tissues. For the first time, to the best of our 
knowledge, miR‑802 has been demonstrated to significantly 
promote the proliferation of lung cancer cells. Menin was also 
identified as a novel target gene involved in miR‑802‑mediated 
cell proliferation in lung cancer. These results indicate that 
miR‑802 may have an important role in lung cancer, and 
suggest that inhibition of miR‑802 may be a potential thera-
peutic strategy for the treatment of lung cancer.
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