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Introduction

Abstract

Background: Micro ribonucleic acid (miR-101) can regulate the expression of
cyclooxygenase-2 (COX-2) and participate in the pathogenesis of malignant
tumors. This study investigates the effects of miRNA-101 and COX-2 in lung cancer
and the impact of miR-101 on the proliferation and invasion of human lung cancer
A549 cell line.

Methods: The expression of miR-101 in 20 separate lung cancer tissues was
detected by real time polymerase chain reaction; COX-2 expression was also
detected. A549 cells were transfected with miR-101 or negative control oligonucle-
otide duplex mimic (miR-NC). In vivo tumorigenesis abilities were detected in
localized human lung cancer xeno-transplant models in BALB/c nude mice.
Results: MiR-101 expression was significantly lower and the level of COX-2 signifi-
cantly higher in lung cancer tissues than in adjacent parenchyma (2.918 £ 1.006 vs.
5.953+1.976,P=0.001;0.887 £0.260 vs.0.355%0.156, P=0.001, respectively). Cor-
relation analysis revealed that miR-101 negatively correlated with COX-2 in lung
cancer tissues (R = —0.596, P = 0.002). Compared with A549-miR-NC cells, the
expression of COX-2 was significantly decreased in A549 cells transfected with miR-
101 (P < 0.001). The proliferation of A549 cells was markedly inhibited after trans-
fection of miR-101. The in vivo tumor growth of A549 cells transfected with miR-
101 was significantly slower than wide type A549 cells.

Conclusion: MiR-101 expression is decreased in lung cancer, inducing an increase
in COX-2 level. Enforced expression of miR-101 can remarkably reduce the cell pro-
liferation and invasion ability of lung cancer cells.

related genomic regions.”® MiRNAs are thought to regulate
cancer development as tumor suppressors. Therefore,

The mortality of lung cancer is higher than in all other types
of malignant tumors.' Surgery is the first alternative and the
most effective method for the treatment of lung cancer;
however, at diagnosis, a considerable number of patients are
no longer eligible for surgery. Therefore, further clarifying the
mechanism of lung cancer is extremely important for devel-
oping new treatment methods and improving the prognosis
of lung cancer.

Micro ribonucleic acids (miRNAs) are a class of approxi-
mately 22 nucleotide-long, endogenously expressed, highly
conserved noncoding RNAs with important regulatory
functions in cell proliferation, apoptosis, and metastasis.”*
Computational and experimental outcomes predict that
approximately 50% of miRNA genes are located in cancer-
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miRNAs may be ideal targets of cancer treatment.
Cyclooxygenase 2 (COX-2) is a key rate-limiting enzyme
that catalyzes the biosynthesis of prostaglandins from arachi-
donic acid.” Recent research results have indicated that
COX-2 could induce tumor angiogenesis and is correlated
with hematogenous metastasis of tumors.® Therefore, COX-2
is an attractive target for regulating cancer cell growth.
Chakrabarty et al. have proven that the human miR-101
duplex mimic (miR-101) can regulate the expression of
COX-2.” Although miR-101 has been reported to target
COX-2 in various tumors, such as endometrial serous adeno-
carcinomas, and colon and gastric cancers, the role of miR-
101 in lung cancer growth is unclear.'”" In this study, we
explore the role of miR-101 in lung cancer development.
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Materials and methods

Patients and tissue samples

Lung cancer tissues and adjacent parenchyma lung tissues
were obtained from 20 patients (13 men, 7 women) who were
diagnosed with lung cancer and underwent primary surgical
resection between January and December 2014 at the Tianjin
Medical University General Hospital. The median age of
patients was 59 years (range, 44-67). All samples were
reviewed and diagnosed by two independent pathologists.
The ethical committee of Tianjin Medical University General
Hospital approved the current research. Informed consent
was obtained from all patients involved.

Cell lines and culture

A lung cancer cell line (A549) was purchased from American
Type Culture Collection (ATCC, Rockville, MD, USA). Cells
were grown in Dulbecco’s Modified Eagle’s Medium (Gibco,
Life Technologies, Grand Island, NY, USA), with 10% fetal
bovine serum, 50 U/mL of penicillin, and 50 mg/mL of strep-
tomycin, at 37°C in a humidified atmosphere of 95% air and
5% CO2.

Transfection of micro ribonucleic
acid (miRNA)

The human miR-101 duplex mimic and negative control oli-
gonucleotide duplex mimic (miR-NC) were designed and
provided by GenePharma (Shanghai, China). RNA oligo-
nucleotides were transfected using LipofectamineTM2000
(Invitrogen, San Diego, CA, USA). After 24 hours of transfec-
tion, cells were used for subsequent experiments.

Real-time polymerase chain reaction

Total RNA from the frozen tissue specimens and cultured
cells was isolated using the TRIzol kit (Invitrogen) following
the manufacturer’s instructions. The ¢cDNA Synthesis kit
(TaKaRa, Tokyo, Japan) was then used to reverse transcribe
and amplify the RNA. Real-time polymerase chain reaction
(RT-PCR) was performed using QuantiFast SYBR Green
PCR mixture (Invitrogen). The specific primers of miR-
101 were: forward: 5-TACAGTACTGTGATAACTGAA-3’,
reverse:  5-GTCGTATCCAGTGCAGGGTCCGAGGTATT
CGCACTGGATACGACTTCAGT-3". The U6 small nuclear
RNA was amplified as a loading control. The primers for this
U6 internal control were purchased from Invitrogen. Data
were shown as fold change (2%*“) and analyzed using
GraphPad Prism 5.0 software (GraphPad Software Inc., San
Diego, CA, USA). Experiments were repeated three times.
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Western blotting

Cell lysates were prepared from tissue specimens or cells,
washed twice in cold phosphate buffered saline, and lysed for
20 minutes using radioimmunoprecipitation assay buffer
(Thermo Fisher Scientific, Waltham, MA, USA), with
protease and phosphatase inhibitors (Roche Diagnostics,
Indianapolis, IN, USA). The protein concentration was deter-
mined using Bradford’s reagent (BioRad, Hercules, CA,
USA). An equal amount of protein (50 ug) was loaded in
sodium dodecyl sulfate-polyacrylamide gels and then trans-
ferred onto nitrocellulase membranes. The membranes were
blocked with 2% bovine serum albumin in tris-buffered
saline and Tween-20, containing 0.1% Tween-20 for one hour
at room temperature, and probed with anti-COX-2 (1:500,
ab15191) and anti-B-Actin antibodies (1:500, ab8227).
Horseradish peroxidase-conjugated goat anti-rabbit second-
ary antibodies (1:2500, Beyotime) were added. Blots were
visualized using a chemiluminescence reagent (Millipore,
Temecula, CA, USA) in a Syngene Gel Documentation
System using GeneSnap software (Syngene, Cambridge, UK).

Colony formation assay

Colony formation assay was used for evaluating cell prolifera-
tion and growth. A549, A549-miR-NC, and A549-miR-101
cells were seeded at a density of 100 cells per well in six-well
tissue culture plates. The colonies that formed after nearly 14
days were stained with 0.1% trypan blue in 50% ethanol. Any
colony containing more than 10 cells was considered a viable
clonogenic cell. At least three independent experiments were
conducted with triplicate test samples. The formula: Cloning
efficiency = Colony formation/Cells seeded x 100% was used.

Methyl thiazolyl tetrazolium assay

The methyl thiazolyl tetrazolium (MTT) method was used to
estimate cell viability. Cells were plated at an initial density of
10* cells per well in 96-well cell culture plates and allowed to
grow for six days. MTT (Beyotime Inst., Biotech, Haimen,
China) was added to each well, followed by incubation for
four hours at 37°C. After removing the media, dimethyl
sulfoxide was added to each well for solubilizing the
formazan that had formed. After 30 minutes at room tem-
perature, the plates were scanned spectrophotometrically
with a microplate reader, set at 490 nm for measuring the
absorbance.

Human tumor xenografts in athymic
(nude) mice

Six-week-old, male BALB/c athymic nude mice (nu/nu) were
obtained from Vital River Laboratory Animal Technology
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Co., Ltd (Beijing, China). Mice were housed in temperature-
controlled rooms with a 12-hour alternating light—dark cycle.
The mice were separated into two groups: A549-NC and
A549-miR-101. Each group contained five mice. Approxi-
mately 5 x 10° cells were injected subcutaneously into the left
and right lower backs of mice, respectively. The mice were
housed for six weeks. During the experimental period, tumor
volume was measured once a week. The length and width of
the tumor were regularly measured and the volume was cal-
culated based on the following formula: Volume = length X
width?/2. Guidelines for the humane treatment of animals
were followed as approved by the Tianjin Medical University
General Hospital Animal Care and Use Committee.

Statistical analysis

All statistical analyses were carried out using SPSS version
19.0 (SPSS Inc., Chicago, IL, USA). Quantitative data were
expressed as the mean * standard deviation and were evalu-
ated using independent ¢-test or one-way analysis of variance,
as appropriate. Differences were considered significant at
P<0.05.

Results

MiR-101 expression in lung cancer tissue and
adjacent parenchyma

To test whether the expression of miR-101 decreased during
lung cancer development, we measured the relative expres-
sion of miR-101/U6 in the lung cancer tissue and adjacent
parenchyma of 20 patients. The results of quantitative
RT-PCR analysis revealed that the expression of miR-101/U6
was significantly lower in lung cancer tissue than that in adja-
cent parenchyma (2.918 + 1.006 vs. 5.953 £ 1.976, P=0.001)
(Fig 1).

Cyclooxygenase-2 (COX-2) level in lung
cancer tissue and adjacent parenchyma

Because the expression of miR-101 decreased during lung
cancer development, we measured the relative level of COX-
2/B-Actin in the lung cancer tissue and adjacent parenchyma
of the 20 patients. The results of Western-blotting revealed
that the level of COX-2/B-Actin was significantly higher in
lung cancer tissue than in adjacent parenchyma (0.887 +
0.260 vs. 0.355+0.156, P=0.001) (Fig 2).

Correlation of miR-101 expression and COX-2
level in lung cancer tissues

Asithad been proven that miR-101 could regulate the expres-
sion of COX-2, we analyzed the correlation of miR-101
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Figure 1 Micro ribonucleic acid (miR)-101 expression in lung cancer
tissue and adjacent parenchyma. miR-101 expression was calculated as
the ratio of miR-101/U6. The results of quantitative real-time polymerase
chain reaction RT-PCR analysis displayed that the expression of miR-
101/U6 was significantly lower in lung cancer tissue than in adjacent
parenchyma.

expression and COX-2 level in lung cancer tissues. As shown
in Figure 3, we found that the expression of miR-101 nega-
tively correlated with the level of COX-2 in lung cancer tissues
(R=-0.596, P=0.002).

Effect of enforced expression of miR-101 on
the COX-2 levels of A549 cells

The ratio of transfection was about 60%. As shown in
Figure 4, the relative level of COX-2/B-Actin in A549-
miR-NC cells was 1.579 * 0.185, while the relative level of
COX-2/B-Actin in A549-miR-101 cells was 0.367 £0.089 (P <
0.001). Therefore, the relative level of COX-2/B-Actin in A549
cells was attenuated by transfection of miR-101.

Effect of enforced expression of miR-101 on
the proliferation of A549 cells in vitro

As shown in Figure 5a, cloning efficiency was comparable in
A549 and A549-miR-NC cells. By the second week, cloning
efficiencies were as follows: A549 cells 66.1 + 6.8%, A549-
miR-NC cells 68.2+£10.2% (P=0.642). The cloning efficiency
of A549-miR-101 cells (39.8 10.2%) by the second week was
significantly lower than that of A549-miR-NC cells (P =
0.002). Therefore, the cloning efficiency of A549 cells was sig-
nificantly attenuated by transfection of miR-101.

The growth abilities of cells were determined by MTT
assay. As shown in Figure 5b, growth ability was comparable
in A549 and A549-miR-NC cells. By the sixth day, the cell
viability of A549 cells was 0.609 £ 0.025, while the cell viabil-
ity of A549-miR-NC cells was 0.682 £ 0.026 (P=0.531, com-
pared with A549 cells). The cell viability of A549-miR-101
cells by the sixth day was 0.401 + 0.052 (P =0.003, compared

© 2015 The Authors. Thoracic Cancer published by China Lung Oncology Group and Wiley Publishing Asia Pty Ltd
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Figure 2 Cyclooxygenase-2 (COX-2) level in lung cancer tissue and adjacent parenchyma. (a) COX-2 level was calculated as the ratio of COX-2/B-Actin.
The results of Western-blotting displayed that the level of COX-2/B-Actin was significantly higher in lung cancer tissue than in adjacent parenchyma. (b)
Representative images of the Western-blotting of COX-2 and B-Actin.

with A549-miR-NC cells). Therefore, the growth ability of
A549 cells was significantly attenuated by transfection of
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Figure 3 Correlation of the expression of micro ribonucleic acid (miR)- .
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Figure 4 Effect of enforced expression of micro ribonucleic acid (miR)-101 on the cyclooxygenase-2 (COX-2) levels of A549 cells. (a) Levels of COX-2/
B-Actin of A549-negative control oligonucleotide duplex mimic (miR-NC) and A549-miR-101 cells. The relative level of COX-2/B-Actin of A549 cells was
attenuated by transfection of miR-101. (b) Representative images of the Western-blotting of COX-2 and B-Actin.
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Figure 5 Effect of enforced expression of micro ribonucleic acid (miR)-101 on the proliferation of A549 cells in vitro. (a) Cloning efficiency of A549,
A549-negative control (NC), and A549-miR-101 cells. The cloning efficiency was comparable in A549 cells and in A549-miR-NC, while the cloning effi-
ciency was significantly attenuated by transfection of miR-101. (b) Growth ability of A549, A549-NC, and A549-miR-101 cells. The growth ability was
comparable in A549 and in A549-miR-NC cells, while the growth ability was significantly attenuated by transfection of miR-101. **, A549; == A549-

miR-NC; =, A549-miR-101.

Discussion

Recent studies have revealed that cancer-associated miRNAs
play important roles in tumorigenesis and may serve as diag-
nostic and prognostic biomarkers of various cancers.”"
Increasing evidence indicates that miRNA deregulation has
frequently been observed in the proliferation, differentiation,
apoptosis, metastasis, and drug resistance of cancer cells.'"™"
Although the precise function of individual miRNAs has not
been characterized, biochemical and genetic studies have
revealed that miRNAs regulate a variety of biological pro-
cesses, such as cell proliferation, apoptosis, development, and
differentiation.”
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Figure 6 Effect of enforced expression of micro ribonucleic acid (miR)-
101 on the growth of A549 cells in vivo. Solid line: the growth curve of
tumor xenografts of A549- negative control (NC) cell. Dotted line: the
growth curve of tumor xenografts of A549-miR-101 cell. The tumor
volume of A549-miR-101 was lower than that of A549-miR-NC cells
since week 4. *, A549-miR-NC; -, A549-miR-101.
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Lung cancer is the most common type of malignant tumor
and the leading cause of cancer-related mortality worldwide.
Any significant increase in tumor mass must be preceded by
an increase in vascular supply to deliver nutrients and oxygen
to the tumor.” Therefore, angiogenesis plays an important
role in the process of cancer invasion and metastasis. COX-2
is an inducible enzyme that catalyzes arachidonic acid to
prostaglandins during inflammatory and tumorigenic stages.
Many studies have revealed that COX-2 might be involved in
angiogenesis.”* Recent clinical epidemiological studies have
demonstrated the preventive effect of COX inhibitors on
cancer.” Thus, COX-2 is a critical target that has implications
for both the prevention and treatment of cancer. To date, the
mechanism underlying the role of COX-2 in tumor angio-
genesis has been unclear. The most important substance that
is regulated by COX-2 is vessel endothelial growth factor
(VEGF), a highly specific mitogen of vessel endothelial cells.*
It has been reported that COX-2 might interact with VEGE.
The regulatory effect of COX-2 on VEGF production and
tumor angiogenenesis suggests that COX-2 expression might
be an upstream event in tumor angiogenesis.”

There is strong evidence that miR-101 plays the role of
tumor suppressor in various cancers. Predictions based on
PicTar and TargetScan DNA analysis software suggest that
COX-2 messenger RNA 3-untranslated region is a target gene
of miR-101.”® The depressed expression of miR-101 would
result in elevated expression of its target gene, COX-2, and the
promotion of tumorigenesis. Although several studies have
reported that miR-101 can inhibit cancer cell growth via
blocking COX-2 expression, the role of miR-101 in COX-2
regulation of lung cancer growth has not been fully eluci-
dated. In this study, we explored the role of miR-101 in the
development and process of lung cancer. We found that the

© 2015 The Authors. Thoracic Cancer published by China Lung Oncology Group and Wiley Publishing Asia Pty Ltd
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expression of miR-101 was significantly lower and the level of
COX-2 was significantly higher in lung cancer tissue than that
in adjacent parenchyma. Correlation analysis showed that the
expression of miR-101 negatively correlated with the level of
COX-2 in lung cancer tissues. Furthermore, we found that
enforced expression of miR-101 decreased the level of COX-2
of A549 cells and inhibited the proliferation of cells in vitro
and in vivo. Our data showed that miR-101 expression was
significantly reduced in lung cancer, which may play a critical
role in the increase of COX-2 and the development of lung
cancer.

There are some limitations to our study. Our study demon-
strated that miR-101 plays a tumor suppressor role in lung
cancer. However, this fact does not preclude the possibility
that miR-101 has other targets that have similar cellular
functions to COX-2. Zheng et al. reported that enforced
expression of miR-101 in hepatocellular carcinoma cells
simultaneously decreased enhancer of zeste homolog 2
(EZH2), COX2, stathmin 1, and rho-associated protein
kinase 2. MiR-101 has also been reported to target other
genes, such as mammalian target of rapamycin, zinc finger
E-box binding homeobox 1 (ZEB1), ZEB2, sex determining
region Y-box 9, and Ras-related C3 botulinum toxin substrate
1% Cho et al. reported that miR-101 inhibits lung cancer
invasion through the regulation of EZH2, which plays a part
in the trimethylation of H3K27 and leads to the silencing of
tumor-suppressor genes.” This suggests that miR-101 modu-
lates multiple steps, such as proliferation, adhesion, and
migration of tumor cells in lung cancer. Thus, miR-101 might
be a powerful anti-cancer therapeutic modality by repressing
multiple molecular targets. This needs to be investigated in
future.

Conclusion

In summary, we demonstrated that the expression of miR-
101 decreases in lung cancer, and enforced expression of miR-
101 could remarkably reduce the cell proliferation and
invasion ability of lung cancer cells. This study provides new
insight into the role of miR-101 in lung cancer and shows the
promise of miR-101 as a potential molecular target for lung
cancer.
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