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Abstract: Objective: To investigate the expression of mir-16 in lung adenocarcinoma cancer line and to observe
the effect of mir-16 on the biological behaviors of human lung adenocarcinoma cancer A549 cell. Methods the
expression of mir-16 in A549 cells was examined by quantitative real-time (qQRT)-PCR. mir-16 minics was chemically
synthesized and transfected into A549 cells by Lipofectamine 2000. The cell cycle and apoptosis changes were
assayed by flow cytometry, the cell proliferation was measured by MTS assay. The wild-type and mutant wipl 3’-
UTR luciferase reporter rectors were constructed. The relative activity of renila luciferase was detected to confirm
the binding site of mir-16 on wip1 mRNA. Results, the expression of mir-16 is reduced in A549 cell compared with
the normal bronchial epithelial cell. Transfection of mir-16 minics significantly suppressed the luciferase reporter
containing wild type not mutant wip1 3’-UTR. Furthermore enforced expression of mir-16 lead to reduced A549 cell
proliferation and promote apoptosis. Conclusion Therapeutic strategies to resume miRNA-16 expression may be

benefit to patients with NSCLC in the feature.
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Introduction

microRNA (miRNA) are a class of small non-
coding RNA molecules, composed of 18-25
nucleotides in length, as a regulation of gene
expression at the posttranscriptional level,
Different miRNAs are in the form of oncogenes
or tumor suppressor genes, respectively, which
play an important role in occurrence and devel-
opment of malignancy [1-3]. mir-16 was first
discovered in chronic granulocytic leukemia,
and considered it is a tumor suppressor gene
[4]. However, the mir-16 of lung cancer is proto-
oncogene or tumor suppressor gene, and the
mechanism of action remains unclear [5, 6]. In
this study, we first detect the expression of Mir-
16 in lung adenocarcinoma cell. On this basis,
we transiently transfect mir-16 into A549 cell
and observe the effect of mir-16 on prolifera-
tion, cell cycle and apoptosis in lung adenocar-
cinoma cells, in order to explore new targets in
the pathogenesis and treatment of lung
adenocarcinoma.

Materials and methods
Cell lines and primary reagent

Human A549 lung adenocarcinoma cells were
purchased from the Animal Laboratory of Sun
Yat-sen University, normal human bronchial epi-
thelial cells HBE were purchased from Hunan
yongtai Biotechnology Co., Ltd; 1640 culture
and fetal calf serum were purchased from
hyclone; Opti-MEM culture, PBS, pancreatin
were purchased from Gibco; Trizol, Lipo-
fectamine™ RNAIMAX Transfection reagents
were purchased from invitrogen; M-MLV, Rnasin
inhibitor, psiCHECK-2, Dpnl enzyme were pur-
chased from Promega; SYBR Green PCR Master
Mix were purchased from TOYOBO; PrimeSTAR
HS, DNA-Polymerse, T4 DNA Ligase, DL2000, 1
kbp DNA Ladder Marker, Notl, Xhol, TaKaRa
TagTM were purchased from TaKaRa; OneStep
RT-PCR kits were the products of Qiagen; Dual-
Luciferase Reporter Assay System was the
products of Promega; DNA purification kit and
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Cell culture

A549 cells were seeded at
low glucose DMEM culture

FBS, cultured in 5% CO2 sat-
urated humidity incubator at
37°C, inverted, observed
under the microscope, pas-
saged 2 or 3 times weekily,
cells within 50 generations
are selected to transfection.

Figure 1. The expression of mir-16. Real-time RT-PCR revealed that the expres-

sion level of mir-16 is decreased in A549 cells compared to the Normal human  Group of experiments
bronchial epithelial cells (*P<0.05). After transfection, the expression level of

mir-16 in the A549 cells is higher than other cells (**P<0.05), values represent  Non-transfected A549 cell

means from three separate experiments.
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was a blank control group,
transfected empty vector
A549 cell was a negative
control group, Transfected
mir-16 A549 cell was a spe-
cific transfection group, and
normal bronchial epithelial
cells group.

Transfection

24 hours before transfec-
tion, A549 cells in the loga-
rithmic phase were inoculat-
ed in 6-well plates in the
form of 5 x 10* cells/well,
respectively. When the de-
gree of cell fusion reached
30%-50%, dissolved 20 um
mir-16 mother liquors into
100 pL Opti-MEM culture
| medium as A liquid; dis-
day 4 solved 2 puL Lipofectamine™
RNAIMAX reagent into 100

Figure 2. Effect of mir-16 on growth of A549 cells. MTS growth curves indicated ~ puL Opti-MEM culture medi-
that the proliferation rate of A549 cells transfected with mir-16 is significantly ~ ym as B liquid. A liquid and B

decreased compare to the other cells (values represent means from there sep-

arate experiments, P<0.05).

plasmid prep kit were purchased from DO-
NGSHENG BIOTECH; High purity plasmid mini
prep kit were purchased from G-SHUN; Annexin
V-FITC apoptosis assays kit and cell cycle kit
were purchased from Keyge; Primers was syn-
thesized by Sangon; Gene sequencing was
completed by Beijing genomics institute; mir-16
fragment was synthesized by Guangzhou Rui
Bo Biological Technology Co., Ltd.
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liguid were mixed, and let
stand for 20 minutes. And
then add mixed liquor to cell
culture plate with 300 uL control medium with-
out antibiotic. 4 hours after transfection,
changed to 1640 medium.

Detect the expression of mir-16 in transfected
cells by quantitative PCR

48 hours after transfection, collected cells of

each group, respectively. Total RNA was extract-
ed by Trizol reagent, U 6 as internal control per-
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Figure 3. Effect of mir-16 on cell apoptosis. A. Flow cytometry pictures of cell apoptosis (lower right quadrant, one
of the three separate results was showed); B. Percentage of three groups in early stage apoptosis. Flow cytometry
showed that the percentage of mir-16 transfected A549 cells in early stage apoptosis is higher than that of other

two groups (values represent means from three separate experiments, *P<0.05).

formed RT-PCR amplification reaction, the vol-
ume was 20 pL, amplification system: 2 x PCR
premix 10 pL, primers 0.8 L, cDNA 1 pL, H,0
make up the volume of 20 yL. Reaction condi-
tions: 95°C: 5 min; 95°C: 15 s; 65°C: 15 s;
72°C: 32 s; 40 cycles. Each sample set three
wells, separated by 2% agarose gel electropho-
resis and visualized by UVP gel imaging
system.

Detect effects of mir-160n cell proliferation by
MTS

Non-transfected cell, transfected mir-16 A549
cell and cells of empty vector were digested
and resuspended, respectively.adjust the cell
concentration of 1 x 10%/ml, added into 96-well
plates, each well 100 pL (1 x 10* per well ). At
24 h, 48 h, 72 h, 96 h, adding MTS reagent

3229

(CellTiter 96® AQueous One Solution Cell
Proliferation Assay) into corresponding culture
wells, respectively, 20 uL per well. Incubate 3
hours in 5% CO, environment at 37°C. The
absorbance in 490 nm was Detect the apopto-
sis with flow cytometry.

48 h after transfection cell were digested with
trypsin and made into cell suspension, collect-
ed the cell by centrifuge, washed with PBS
twice and then mixed 4 x 10°cells with 500 pL
binding buffer, 5 yL Annexin V-FITC and 5 yL PI
staining solution, stained at dark for 15 min at
room temperature, detected the apoptosis with
flow cytometry by standard procedure.

Detect the cell cycle with flow cytometry

48 h after transfection, cell were digested with
trypsin and made into cell suspension, washed
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Figure 5. wipl is one of the target gene of mir-16.
Predicted mir-16 sequence and putative recognition
sites with 3’-UTR of wip1.

with pre-cooling PBS twice, fixed with 70% pre-
cooling ethanol overnight, collected the cell by
centrifuge, washed with 1 ml PBS, added 100
pg/mL RNase A incubated at 37°C for 30 min,
added 500 yL Plincubated at 4°C for 30 min at
dark, 3 x 10* cells for cell cycle analysis with
flow cytometry by standard procedure.

Luciferase reporter gene detection

According to microRNA target prediction soft-
ware (Targetscan), it showed that mir-16 can
bind to 3’-UTR of wip1 mRNA. In vitro synthetize
the PCR primer with restriction enzyme diges-
tion sites, inserted the product to the psi-
CHECK-2 vector downstream of renilla lucifer-
ase reporter gene, constructed the expression
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Figure 4. Effect of mir-16 on cell cycle
of Ab49 cells. A. Flow cytometry pic-
tures of cell cycle (one of the three
separate results was showed). B. Flow
cytometry results showed that the per-
centage of A549 cells transfected with
mir-16 in the GO-G1 phase is higher
than the other two groups, which par-
alleled with decrease in the S phase
(values represent means from three
separate experiments, *P<0.05).

S Phase

vector of 3’-UTR of wild type wipl, mutate the
vector according to the binding sites of mir-16
and 3’-UTR of wip1, and constructed the mutant
3’-UTR of wipl expression vector. Added 5 pL
ligased product to the 50 yL DH5a competent
cell, plate the cell on the LB plate containing
Amp (100 pg/mL), picking monoclone for PCR
determination, and extracted the positive clone
plasmid for Xhol and Notl digestion, detect by
1% agarose with EB, take picture with gel imag-
ing system. Contransfected mir-16 fragment
mimics with plasmid constructed above, for
blank group transfected plasmid alone. After
48 hours transfection, detected the activity of
renilla luciferase reporter gene with Dual-
Luciferase Assay Kit, the firefly luciferase act as
internal reference.

Statistical methods
The results were performed in 3 replications.
Statistical differences of measurement data

were compared with ANOVA method, P<0.05,
with statistical difference.
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Figure 6. Construct renila luciferase reporter. Clone of wip1 3’-UTR protein con-
taining miRNA-16 target site and not containing the mir-16 target site (mutant
wipl 3'-UTR) into a renila luciferase reporter construct.

Results

Detect the expression of mir-16 in A549 cells,
normal bronchial epithelial cells and in trans-
fected cells

The differential expression of mir-16 in trans-
fected mir-16 A549 cell, transfected empty vec-
tor A549 cell, non-transfected A549 cell and
normal bronchial epithelial cells were detected
by (qRT) -PCR. The results showed that the
expression of mir-16 in A549 cells was low than
in normal bronchial epithelial cells, the expres-
sion of mir-16 in transfected A549 cells showed
significantly increase, significantly higher than
transfected empty vector A549 cell and non-
transfected A549 cells, suggesting that the
expression of mir-16 in lung adenocarcinoma
cells and normal bronchial epithelial cells
decreased, and expression of mir-16 in trans-
fected mir-16 A549 cell increased, indicating
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that mir-16 was successfully
transfected into A549 cells
(See Figure 1).

Effects of mir-16 on cell pro-
liferation

After the cells were cultured
24,48 h, 72 h, 96 h, detect
cell proliferation. The results
showed that cell prolifera-
tion of transfected mir-16
A549 cells was significantly
slowed down after the cells
were cultured 96 h (See
woovp  Figure 2).

Effects of mir-16 on cell
apoptosis
1000 bp
750 bp Cells were stained by An-
nexin V-FITC, flow cytometry
500 bp were used to detect different
apoptosis of three groups,
250 bp respectively, verified the
effects of mir-16 on A549
cell apoptosis. The results
showed that early apoptosis
of transfected mir-16 A549
cells was significantly in-
creased than the blank con-
trol group and non-transfect-
ed cells group (See Figure
3A, 3B).

100 bp

Effects of mir-16 on cell cycle

Flow cytometry were used to detect the effects
of mir-16 on cell cycle, the results showed that
G1 phase of transfected mir-16 A549 cell was
significantly prolong than NC group and cell
group, S phase was significantly shortened, cell
growth delay (Figure 4A, 4B).

Luciferase reporter gene detection

Prediction software suggested wip1 was one of
target gene of mir-16 (see Figure 5). Construct
the vector contain 3’UTR of wipl gene. At first,
amplified 3'UTR of wip1 gene by PCR, purified
the products by gel purification, and ligased to
the vector, the restriction enzymes digestion
and sequencing showing that the vector was
successfully constructed (see Figure 6), and
then the same law for 3’UTR same gene muta-
tion. Two kinds of luminescent signal of lucifer-
ase were detected by luciferase reporter gene.
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s i therapeutic agents kill tumor

cells by inducing apoptosis,
malignant cells escape
apoptosis through some
mechanisms [8, 9]. At pres-
ent, inducing apoptosis of
tumor cells by genetic tech-
nology is therapeutical hot
spot, it can enhance the sen-
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Figure 7. Luciferase activity using wild-type and mutated wip1-3’-UTR con-
structs. Luciferase activity of AB49 cells after transfection with mir-16, nega-
tive control or no transfected mir-16 and then also co-transfected with vector

sitivity of tumor cells to che-
motherapeutic drugs and
reduce drug resistance to
chemotherapy. What is being
explored here is whether or

containing either WT-wip1-3'-UTR or MUT-wip1 3™-UTR. A significant reduction of ~ Not MIRNA-16 can play an
the luciferase activity was observed in A549 transfected with mir-16 and WT-  role in inhibiting tumor cell
wip1-3"-UTR than with MUT-wip1 3'-UTR. There were no significant differences  proliferation and promoting

in other two groups (values represent means from three separate experiments,

*P<0.05).

the results show that compared to mutant wipl
exist in the co-transfected, mir-16 and wild-type
wipl exist in the co-transfected experimental
group can significantly reduced the activity of
luciferase, the fluorescence signal was signifi-
cantly reduced, indicating that mir-16 can be
combined with 3'UTR of the wild-type wipl
gene, thereby inhibiting the activity of lucifer-
ase, but not in combination with 3’'UTR of the
mutant wipl gene, and therefore considered
wipl may be a target gene of mir-16. NC group
and the blank control group were not signifi-
cantly different (See Figure 7).

Discussion

Currently, the study found about 40-45 species
of the expression of miRNA are abnormal in
lung cancer, some of which plays an important
role in the occurrence and development of lung
cancer , the most famous is the Let-7 family [7].
mir-16 was first discovered in chronic granulo-
cytic leukemia, mir-16 plays the role of cancer
suppressor gene in colorectal cancer, pancre-
atic cancer, glioma and so on. But the mecha-
nism of mir-16 remains unclear in lung cancer.

Abnormal cell proliferation and apoptosis plays
an important role in cell growth and the occur-
rence of tumours. Compared to normal cells,
death and apoptosis of malignant cell had
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apoptosis in lung adenocar-
cinoma. Studied the function
of mir-16 by using transient
transfection of microRNA, made the expression
of mir-16 up-regulate by transfecting mir-16
into A549 cell. The results showed the up-regu-
lation of miRNA-16 can significantly inhibit cell
growth and promote early apoptosis in lung
adenocarcinoma cells, indicating miRAN-16
had a function of cancer suppressor gene, so
increasing the expression level of miRAN-16
can be as a new strategy of treatment of lung
adenocarcinoma.

In order to understand the mechanism of
miRNA-16 may affect the biological character-
istics of cancer cells, we used dual-luciferase
reporter gene system. It is the most effective
verification methods, with high sensitivity and
specificity. We found that miRNA-16 can signifi-
cantly reduce luciferase activity of the reporter
plasmid of wild-type wipl gene 3’-UTR, and
luciferase activity of the reporter plasmid of the
mutant gene 3-UTR wipl did not significant
function, thus validated miRNA-16 can be com-
bined directly with 3’-UTR of wip1 gene, so wipl
may be a target genes of miRNA-16.

wipl expressed in most tumor types, and
played an important role in tumor formation. It
has proved Wipl can promote tumor transfor-
mation and enhance tumor biological aggres-
siveness through the silence target genes [10,
11], but the carcinogenic mechanism of Wip1 is
not yet explained clearly.

Int J Clin Exp Med 2015;8(3):3227-3233
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In conclusion, this study carried out basic
research on biological function of mir-16, also
found that there is a certain relationship
between the proto-oncogene wipl and mir-16,
then whether or no the mir-16 play a role of
tumor suppressor genes through its inhibition
of wipl, and future research will be done in the
near future.
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