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Ultrasound-targeted microbubble destruction-mediated
miR-767 inhibition suppresses tumor progression
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Abstract. MicroRNAs (miRNAs/miRs) have impor-
tant roles in tumor progression in various human
cancers. Ultrasound-targeted microbubble destruction
(UTMD)-mediated gene transfection has been considered
a useful tool for improving cancer treatment. The present
study aimed to investigate the role of miR-767 in non-small
cell lung cancer (NSCLC) and further analyze the effects
of UTMD-mediated miR-767 inhibition on tumor progres-
sion. The expression of miR-767 was measured by reverse
transcription-quantitative PCR. UTMD-mediated miR-767
inhibition was achieved by the co-transfection of microbub-
bles and miR-767 inhibitor in NSCLC cells. Cell proliferation
was assessed by a CCK-8 assay and cell migration and inva-
sion were examined by a Transwell assay. The expression of
miR-767 was increased in NSCLC serum, tissues and cells
compared with controls. The reduction of miR-767 in NSCLC
cells led to the inhibition of cell proliferation, migration and
invasion. UTMD increased the transfection efficiency of the
miR-767 inhibitor in NSCLC cells, and UTMD-mediated
miR-767 inhibition resulted in a more significant suppressive
effect on tumor cell proliferation, migration and invasion.
Taken together, the results indicated that miR-767 expression
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is upregulated in both NSCLC clinical samples and cells. The
downregulation of miR-767 can inhibit tumor cell proliferation,
migration and invasion, and these effects are further promoted
by UTMD-mediated miR-767 inhibition, which indicated the
potential of a UTMD-mediated miR-767 inhibition as a novel
therapeutic strategy for NSCLC treatment.

Introduction

Lung cancer is the most frequent malignancy worldwide
and one of the leading causes of global mortality arising
from cancer (1). It can be divided into two subtypes: Small
cell lung cancer and non-small cell lung cancer (NSCLC),
which are defined based on their histological characteris-
tics (2). NSCLC is considered to be the most common type
of lung cancer, accounting for approximately 85% of all lung
tumors (3). According to statistics, most patients with NSCLC
are diagnosed with advanced tumors due to limited strategies
available for early diagnosis (4). Although advancements have
been made in terms of therapeutic methods such as surgery,
chemotherapy and radiotherapy, the 5-year overall survival of
NSCLC is only 11% (5). Thus, there is a need for more efficient
strategies to improve the diagnosis, prognosis and therapy for
patients with NSCLC.

MicroRNAs (miRNAs/miRs) are found to be deregulated
in various human cancers (6). These small noncoding RNAs
can regulate gene expression at the post-transcriptional level
and are involved in various cell processes such as prolifera-
tion, migration, invasion, differentiation and apoptosis (7,8).
Emerging studies focused on the clinical significance of
miRNAs for their diagnostic and prognostic value (9). In addi-
tion, the aberrant expression of miRNAs was reported to play
a regulatory role in tumor progression in different types of
human cancer (10). Several functional miRNAs with critical
roles have also been identified in NSCLC. Li et al (3) found
that upregulated expression of miR-421 could predict poor
prognosis of NSCLC and contribute to tumor cell prolifera-
tion, migration and invasion. Jiang et al (11) showed evidence
of miR-940 acting as a tumor suppressor by inhibiting
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NSCLC cell invasion and epithelial-mesenchymal transition
via the transforming growth factor-f} signaling pathway. The
aforementioned studies indicated the considerable potential of
miRNAs as biomarkers and therapeutic targets in NSCLC.

Considering the therapeutic potential of miRNAs for the
treatment of human cancers, it is crucial to deliver specific
miRNAs to targeted areas using a noninvasive approach with
relatively high safety and effectiveness. Ultrasound-targeted
microbubble destruction (UTMD) is considered a novel
strategy for gene delivery (12). During UTMD, the gene is
integrated into a microbubble and is then released when the
microbubble reaches the targeted area and collapses (13).
Microbubble destruction resulting from ultrasound induces
an increase in capillary permeability and induces irreversible
holes in target cell membranes, contributing to gene transfer
into the nucleus and enhanced expression and transfection
of the target gene (14). Additionally, gene transfer by UTMD
can avoid degradation by lytic enzymes (15). The application
of UTMD has been highlighted in cancer treatment, which
greatly contributes to targeted cancer therapy (16).

The abnormal expression of miR-767 is closely related to
DNA hypomethylation in NSCLC. miR-767 was identified as an
upstream regulator of tet methylcytosine dioxygenase (TET) 1
and TET3, which are established tumor suppressors in various
tumors, including NSCLC (17,18). The biological function of
miR-767 has been identified in human melanoma (19) and
glioma (20). However, the precise role of miR-767 in NSCLC
remains to be elucidated. The aim of the present study was to
investigate the functional role of miR-767 in NSCLC progres-
sion. Furthermore, the present study assessed the transfection
efficiency of UTMD-mediated transfection of miR-767 into
NSCLC cells and the feasibility of UTMD-mediated miR-767
therapy.

Materials and methods

Clinical sample collection. Samples from 108 patients who
were diagnosed with NSCLC in Zibo City Linzi District
People's Hospital (Shandong, China) between May 2014 and
April 2016 were used in the study. The patients included
62 males and 46 females with a mean age of 63.3£13.9 years
(range 25-80 years). None of the patients had received any
anti-tumor therapy prior to radical resection surgery. Prior to
surgery, serum samples were obtained from blood collected
from the patients and stored at -80°C for further use. During
surgery, 108 paired tumor and adjacent normal tissues were
isolated and stored in liquid nitrogen. In addition, 50 age
(mean 62.8+14.2 years) and gender (male:female ratio,
29:21)-matched healthy volunteers were enrolled in the study
to provide healthy serum control samples. All participants
signed informed consent before sampling. The experimental
procedures were approved by the Ethics Committee of Zibo
City Linzi District People's Hospital (approval no. 20140922).

Cell culture and transfection. Human NSCLC cell lines A549,
H1299 and PC9 and bronchial epithelial cell line 16HBE
were purchased from the Shanghai Cell Bank of China. Cells
were cultured in RPMI-1640 medium (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.) in a humidified incubator with 5% CO,
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at 37°C. miR-767 inhibitor (5'-CAUGCUCAGACAACCAUG
GUGCA-3") and miRNA negative control (miR-NC; 5-CAG
UACUUUUGUGUAGUACAA-3") were synthesized by
Shanghai GenePharma Co., Ltd. miR-767 inhibitor (100 nM)
or miR-NC (100 nM) was transfected into A549 and H1299
cells using Lipofectamine® 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.) for 48 h following the manufacturer's protocols.
Cells transfected with the transfection reagent alone served as
the mock group.

Microbubble preparation and miRNA transfection.
Microbubbles were obtained using a previously reported
method (21), which was performed by sonication of 0.4 mg/ml
1,2-distearoyl-3-trimethylammoni-umpropane (Avanti Polar
Lipids, Inc.) with perfluoropropane gas, 1 mg/ml polyeth-
yleneglycol-2000 stearate (Avanti Polar Lipids, Inc.) and
2 mg/ml distearoylphosphatidylcholine (Avanti Polar Lipids,
Alabaster, Inc). miR-767 inhibitor or miR-NC was incubated
with the microbubbles for 30 min at 37°C. The mixture was
then added into H1299 and A549 cells for transfection using
Lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.) following the manufacturer's instructions.

RNA extraction and reverse transcription-quantitative PCR
(RT-qPCR). Total RNA from clinical samples and cells
were extracted using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) in accordance with the manufacturer's
protocol. RNA was reverse transcribed into cDNA using the
PrimeScript RT reagent kit (Takara Bio, Inc.) following the
manufacturer's instructions. qPCR was performed using a
SYBR-Green PCR Master Mix kit (Invitrogen; Thermo Fisher
Scientific, Inc.) and a 7500 Real-Time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The reaction
conditions were as follows: 95°C for 10 min, followed by
40 cycles of 95°C for 20 sec, 60°C for 10 sec, 72°C for 15 sec.
The primer pairs used for the qPCR were: miR-767 forward,
5'-GCCGAGTGCACCATGGTTGT-3' and reverse, 5'-CTC
AACTGGTGTCGTGGA-3' and U6 forward, 5'-CTCGCT
TCGGCAGCACA-3' and reverse, 5'-AACGCTTCACGAATT
TGCGT-3'. miR-767 expression was quantified using the 244
method and normalized to the internal reference gene U6 (22).

Cell proliferation assay. NSCLC cell proliferation was
examined using a Cell Counting kit (CCK)-8 assay (Beyotime
Institute of Biotechnology). Tumor cells were seeded at a
density of 4x10° cells/well in 96-well plates and cultured
at 37°C for 72 h. CCK-8 solution was added into the cells
every 24 h with a further 4 h incubation. Cell proliferation
was evaluated by reading the absorbance at a wavelength of
450 nm using a microplate reader (Molecular Devices).

Cell migration and invasion assay. NSCLC cell migration and
invasion were measured using Transwell chambers with a pore
size of 8 ym (Corning Inc.). Chambers were pre-coated with
Matrigel (Corning, Inc.) for the invasion assay. Following 48 h
of cell transfection, cells (seeded at a density of 5x10° cells/well)
in serum-free RPMI-1640 medium were seeded into the upper
chamber. The lower chambers contained culture medium
supplemented with 10% FBS. After 24 h of incubation at 37°C,
cells in the lower chambers were stained with crystal violet at
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Figure 1. Expression of miR-767 in NSCLC. (A) miR-767 expression is increased in the serum of NSCLC patients (n=108) compared with healthy individuals
(n=50). (B) Upregulated expression of miR-767 was observed in NSCLC tissues (n=108) compared with adjacent normal tissues (n=108). (C) Expression
of miR-767 was increased in the four tumor cell lines compared with normal cells. All experiments were performed at least three times. "“P<0.001.

NSCLC, non-small cell lung cancer; miR-767, microRNA-767.
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Figure 2. Effects of miR-767 on cellular processes in the NSCLC cell lines A549 and H1299. (A) Expression of miR-767 decreased following miR-767 inhibitor
transfection. (B) Cell proliferation was suppressed by the knockdown of miR-767. Downregulation of miR-767 expression in tumor cells led to inhibited cell
(C) migration and (D) invasion (magnification, x200). All experiments were performed at least three times. "P<0.05 and “P<0.01. NSCLC, non-small cell lung

cancer; miR-767, microRNA-767; OD, optical density; NC, negative control.

room temperature for 20 min and observed under an LX71
inverted light microscope (Olympus Corporation). Cells
were counted using Image-Pro Plus 6.0 software (Media
Cybernetics, Inc.).

Statistical analysis. Data are expressed as the mean + SD and
analyzed using SPSS 18.0 (SPSS Inc.) and GraphPad Prism
5.0 (GraphPad Software, Inc.). Differences between groups
were calculated using one-way ANOVA followed by Tukey's
post hoc test, non-parametric Wilcoxon signed-rank test or
Mann-Whitney U test when appropriate. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results
Expression of miR-767 in NSCLC. miR-767 expression was

measured in clinical samples, including serum and tissue
specimens. Significantly increased expression of miR-767

was observed in both serum and tissues of NSCLC patients
compared with corresponding normal controls (Fig. 1A and B).
In addition, upregulated expression of miR-767 was also found
in four NSCLC cell lines (A549, H1299 and PC9) compared
with 16HBE cells (Fig. 1C).

Knockdown of miR-767 inhibits NSCLC cell proliferation,
migration and invasion. To investigate the biological func-
tion of miR-767 in NSCLC progression, in vitro regulation of
miR-767 was attained by cell transfection in A549 and H1299
cells. As shown in Fig. 2A, expression of miR-767 was signifi-
cantly reduced by miR-767 inhibitor transfection in both cell
lines. Knockdown of miR-767 in A549 and H1299 cells led to
a significant decrease in cell proliferation compared with the
mock group (Fig. 2B). Furthermore, cell migration and inva-
sion were suppressed by the inhibition of miR-767 in A549
and H1299 cells compared with mock and miR-NC groups
(Fig. 2C and D).
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Figure 3. UTMD facilitates transfection of miR-767 inhibitor in (A) A549 and (B) H1299 cells. All experiments were performed at least three times. “P<0.01
and ""P<0.001 vs. mock; "P<0.05 and *P<0.01 vs. miR-767 inhibitor. UTMD, ultrasound-targeted microbubble destruction; miR-767, microRNA-767,

NC, negative control.
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Figure 4. UTMD-mediated miR-767 inhibition further suppressed proliferation of (A) A549 and (B) H1299 cells compared with miR-767 inhibitor transfec-

ok

tion alone. All experiments were performed at least three times. "P<0.05, “P<0.01 and ““P<0.001 vs. mock; “P<0.05 and *P<0.01 vs. miR-767 inhibitor.
UTMD, ultrasound-targeted microbubble destruction; miR-767, microRNA-767; NC, negative control; OD, optical density.

UTMD improves the transfection efficiency of miR-767. Given
the enhancement of gene transfer by UTMD, the present study
focused on the effects of UTMD on miR-767 transfection
efficiency. Transfection of miR-767 inhibitor with UTMD
significantly decreased miR-767 expression compared with
mock and miR-767 inhibitor groups in A549 and H1299 cells
(Fig. 3).

UTMD-mediated miR-767 inhibition suppresses the prolif-
eration of NSCLC cells. Since the transfection efficiency of
miR-767 was enhanced by the application of UTMD, tumor
progression was hypothesized to be influenced by UTMD
mediation. As shown in Fig. 4, proliferation of A549 and
H1299 cells was significantly inhibited by UTMD-mediated
miR-767 knockdown compared with the mock group. As
expected, a further suppression in cell proliferation was
observed in cells transfected with miR-767 inhibitor +
UTMD compared with cells transfected with miR-767
inhibitor alone.

UTMD-mediated miR-767 inhibition inhibits the migration
and invasion of NSCLC cells. A significant decrease in cell
migration and invasion was observed following in vitro trans-
fection with UTMD-mediated miR-767 inhibitor compared
with mock and miR-767 inhibitor groups (Fig. 5).

Discussion

An increasing number of studies have reported the impor-
tant role of miRNAs in the treatment of various human
cancers (23-25). The present study aimed to investigate the
expressional patterns of miR-767 in NSCLC clinical samples
and cells and to analyze the functional role of miR-767 in
tumor progression. Furthermore, the application of UTMD in
miR-767 inhibitor transfection and its effects on the regulation
of miR-767 in NSCLC tumor progression were also investi-
gated. Significantly increased expression of miR-767 was found
in the serum, tissues and cell lines of NSCLC and knockdown
of miR-767 in tumor cells led to inhibited cell proliferation,
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Figure 5. UTMD-mediated miR-767 inhibition further inhibited the (A) migration and (B) invasion of A549 and H1299 cells compared with miR-767 inhibitor
alone (magnification, x200). All experiments were performed at least three times. "P<0.05 and “P<0.01 vs. mock; “P<0.05 vs. miR-767 inhibitor. UTMD, ultra-
sound-targeted microbubble destruction; miR-767, microRNA-767; NC, negative control.

migration and invasion. The efficiency of the in vitro transfec-
tion of miR-767 inhibitor significantly increased by the use of
UTMD, and UTMD-mediated miR-767 inhibition resulted in
further suppression in NSCLC cell proliferation, migration
and invasion.

Numerous miRNAs with aberrant expression have been
identified in human cancers (26). The clinical significance
of abnormal miRNAs has attracted increasing attention in
the diagnosis and prognosis of various cancers (27). Previous
findings have shown several miRNAs with ectopic expres-

sional patterns in NSCLC, with demonstrated diagnostic
and prognostic value (28). Increased expression of miR-223
in NSCLC sputum samples was identified as a non-invasive
diagnostic biomarker for NSCLC detection (29). The ectopic
expression of miR-9, miR-16, miR-205 and miR-486 in
serum specimens collected from patients with NSCLC
served as useful diagnostic biomarkers for NSCLC (30).
Upregulated expression of miR-411 was shown to have rela-
tively high diagnostic and prognostic value for patients with
NSCLC (31). In addition to the clinical value of miRNAs,
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their functional roles in tumor progression have also been
investigated, providing further evidence for the therapeutic
potential of these miRNAs (32). In the pathogenesis of
NSCLC, several miRNAs, such as miR-612 (33), miR-421 (3)
and miR-4286 (34), were reported to be involved in tumor
cell proliferation, migration and invasion and thus may serve
as potential therapeutic targets.

Aberrant expression of miR-767 was found to be linked
to the hypomethylation of NSCLC (17). In human mela-
noma, miR-767 was identified as an oncogenic miRNA that
promoted tumor cell proliferation (19). In multiple myeloma,
miR-767 served as a mediator in the suppressive effects of
circ_0000190 on tumor progression (35). In glioma, tumor cell
proliferation and migration were inhibited by the overexpres-
sion of miR-767, implying the potential of miR-767 as a novel
therapeutic target (25). Results from the current study showed
increased expression of miR-767 in serum and tissue samples
collected from patients with NSCLC. Similarly, the expression
of miR-767 was also elevated in NSCLC cell lines compared
with normal cells. Thus, miR-767 may have the potential to
serve as a biomarker for the screening of NSCLC. Further
experiments showed that knockdown of miR-767 induced
by miR-767 inhibitor transfection suppressed NSCLC cell
proliferation, migration and invasion, indicating that miR-767
might serve as an oncogenic miRNA in the tumor progression
of NSCLC.

UTMD is considered an effective method of monitoring
the status of tumors and used as a novel tool to facilitate drug
or gene transfer by improving the permeability of tumor
cells (36). Lin et al (37) reported that UTMD promoted the
co-delivery of gemcitabine and miR-21, thereby improving
the treatment of pancreatic cancer. Ji ef al (38) investi-
gated the application of UTMD in miR-133a delivery and
found that UTMD-mediated miR-133a inhibited tumor
growth and improved the survival rate in a breast cancer
mouse model, suggesting the therapeutic potential of
UTMD-mediated miR-133a for breast cancer treatment.
UTMD successfully enhanced the transfer of miR-205, as
evidenced by the significant increase in miR-205 expres-
sion in prostate cancer cells, leading to suppressed tumor
cell proliferation, migration and invasion and enhanced
cell apoptosis (39). However, to the best of our knowledge,
the application of UTMD in the treatment of NSCLC has
rarely been reported.

In the present study, the transfection efficiency of the
miR-767 inhibitor was enhanced by the use of UTMD in
NSCLC cells. An increase in NSCLC cell proliferation,
migration and invasion induced by miR-767 inhibitor was
further facilitated by UTMD mediation. Therefore, UTMD
contributed to in vitro transfection of miR-767 inhibitor,
which resulted in enhanced effects of miR-767 on tumor
progression of NSCLC. Although the present study provided
evidence for the role of miR-767 in NSCLC, the related
mechanisms behind its role remain unclear. Loriot et al (17)
suggested that miR-767 could directly regulate the expression
of TET1 and TET3, which act as tumor suppressors in human
cancers (18). In human lung cancer cells, TET1 was shown
to inhibit tumor progression by regulating cell migration and
invasion (40). Thus, miR-767 might exert its regulatory role
in NSCLC progression by targeting TET1 or TET3.
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In conclusion, the present study found increased expres-
sion of miR-767 in serum and tissues from NSCLC patients
and cells compared with corresponding normal controls.
Knockdown of miR-767 inhibited tumor cell proliferation,
migration and invasion. Furthermore, the transfection effi-
ciency of miR-767 inhibitor can be enhanced by UTMD,
resulting in a more significant suppression of the biological
functions of NSCLC cells. The results suggested that miR-767
may serve as a promising diagnostic biomarker and a potential
therapeutic target in NSCLC, and UTMD-mediated miR-767
inhibitor delivery may be a novel and effective therapeutic
strategy for the treatment of NSCLC.
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