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miR-768-3p is involved in the proliferation, invasion
and migration of non-small cell lung carcinomas
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Abstract. Altered microRNA expression has been found
to be a common feature of several cancers, including lung
carcinomas. However, the possible roles of miR-768-3p in the
pathological changes of lung carcinomas are still unknown. The
aim of the present study was to investigate the expression and
possible effects of miR-768-3p in human non-small cell lung
carcinomas (NSCLC). Eighty-three NSCLC patients attending
the clinic of Kunming Hospital were invited to participate in
the study. Their tumor samples were obtained for qRT-PCR
analysis. Human NSCLC cell lines, A549 and HCC4006, were
employed and transfected with either miR-768-3p mimics or
miR-768-3p antagomir. Following transfection, the in vitro
and in vivo proliferation, apoptosis fractions, migration and
invasion of NSCLC cells were evaluated. The data revealed
that: i) upregulated miR-768-3p in tumors were associated
with the clinicopathological features of NSCLC patients;
ii) inhibiting miR-768-3p function by miR-768-3p antagomir
induced distinctly apoptosis and Fas/FasL expressional altera-
tion of NSCLC cells; iii) miR-768-3p antagomir transduction
also decreased the viability, migration and invasion, as well as
MMP-2 and MMP-9 activities in A549 and HCC4006 cells;
and iv) miR-768-3p antagomir transfection also inhibited
the growth and proliferation of NSCLC xenografts in nude
mice. The present results suggested that abnormal elevated
miR-768-3p in NSCLC tumors and cell lines played important
roles in NSCLC carcinogenic progression, and the targeting of
miR-768-3p might be a potential therapeutic strategy for the
treatment of NSCLC.

Introduction
Lung cancer (LC) is the leading cause of cancer-related deaths

worldwide (1), with 1.6 million new cases and 1.38 million
deaths annually (2,3). Lung cancer is a heterogeneous disease
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and a leading cause of cancer-related death in most developed
countries. On the basis of differences in histology, LC is
roughly divided into small- and non-small cell LC (SCLC and
NSCLC, respectively). The latter, which accounts for approxi-
mately 85% of all LC malignancies and the overall 5-year
survival of patients with NSCLC, remains approximately
15-20% (4.,5).

MicroRNAs (miRNAs or miRs) are evolutionarily
conserved non-coding single-stranded RNA molecules of
approximately 18-25 nucleotides. They negatively regulate
gene expression at the post-transcriptional level by either
degrading the target mRNA or inhibiting translation of the
mRNA into functional protein (6,7). miRNAs have indeed
been shown to regulate multiple hallmarks of cancer, for
example, increased proliferation and evasion of cell death (8,9).
Recently, altered expression of miRNAs have been found to be
a common feature of several cancers. An increasing number
of reports have implicated a role for miRNAs in lung cancer
progression (10,11). miRNAs are potential targets for treating
NSCLC carcinomas (12), and research has focused on the
diagnostic and prognostic potential of different miRNAs in
NSCLC. It is believed that miRNA expression is important in
NSCLC development (13,14). Functional elucidation of miR-
768-3p shed light on the specific roles in carcinogenic events
of various cancers. However, the possible roles of miR-768-3p
in pathogenic process and development involved in human
NSCLC have not been illuminated previously.

The aim of the present study was to investigate the
expression of miR-768-3p in human NSCLC and the possible
effects of miR-768-3p alteration on the biological behavior of
human NSCLC cells. Firstly, 83 patients attending the clinic
of Kunming Hospital (pathologically diagnosed as NSCLC),
between June 2010 and December 2011, were invited to partic-
ipate in the study. Their surgical tumor samples were obtained
for qRT-PCR analysis. Human NSCLC cell line, A549
and HCC4006, were employed and transfected with either
miR-768-3p mimics or miR-768-3p-antagomir. Transfection
efficiency was evaluated by qRT-PCR. The cell proliferation
and apoptosis fractions were also evaluated by MTT assay
and flow cytometry (FCM). The scratch wound assay and
Transwell assays were also employed to explore the effects of
miR-768-3p on the in vitro migration and invasion of NSCLC
cells, respectively. We also used nude mice bearing NSCLC
xenograft to evaluate the possible effects of miR-768-3p on
NSCLC growth and proliferation in vivo.
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Materials and methods

Ethics approval and consent to participate. The study related
to humans was approved by The Regional Committee for
Research Ethics. The study complied with all the relevant
national regulations, institutional policies in accordance with
the tenets of the Helsinki Declaration.

Subject. The anonymized patients (n=83) diagnosed with
NSCLC within the period from June 2010 to December 2011
at the Hospital (No. 2 People's Hospital of Kunming, Kunming,
China), were employed in the present study. All NSCLC
patients had primary lung cancer without any co-existing
illness nor treatment, including drugs, chemotherapy and
radio-chemotherapy. All participating patients voluntarily
signed the informed consent. All cases were reviewed by three
independent pathologists in our hospital and the clinical stages
of NSCLC referenced to the criteria recently established by the
National Comprehensive Cancer Network (NCCN). The TNM
stages of tumors were determined according to the standard
TNM classification system of the International Union Against
Cancer (7th edition) (http:/www.uicc.org/).

Sample preparation. For the present study, lung cancer and
their adjacent normal tissues were collected after video-assisted
fiberoptic bronchoscopy. The tissues were immediately stored
at -80°C until nucleic acids isolation.

Cell culture and treatment. The bronchoepithelial cell line
BEAS-2B (human bronchial epithelium), A549 and HCC4006
human NSCLC cell line was purchased from the Cell Bank of
the Chinese Academy of Sciences (Shanghai, China). The cell
lines were cultured in Dulbecco's modified Eagle's medium
(DMEM) with low glucose (GE Healthcare Life Sciences,
Vienna, Austria), supplemented with 10% fetal calf serum
(FCS; Sigma-Aldrich, Munich, Germany) and 100 U/ml peni-
cillin, 100 pg/ml streptomycin and 2 mM Lglutamine (PAA
Laboratories; GE Healthcare Life Sciences). The cells were
cultivated in cell culture flasks (Falcon®; Becton-Dickinson
Austria GmbH, Schwechat, Austria) at 37°C in an atmosphere
of 5% CO, until the desired cell confluence for further experi-
ments was reached (15).

Upregulation or downregulation of miR-768-3p expres-
sion in cell lines was achieved by transduction with
miR-768-3p-mimic (at a final concentration of 20 pmol/ul) or
miR-768-3p-antagomir (at a final concentration of 25 pmol/ul)
by using Lipofectamine™ 2000 system (Invitrogen), respec-
tively. The miR-768-3p-mimic, miR-768-3p-antagomir and
their matched miR-NC were obtained from Guangzhou
RiboBio Co., Ltd. (miR-Rib™ miRNA; Guangzhou, China).
These cell lines treated with different reagents seeded in
6-well plates were harvested for isolated RNAs 48 h after
transfection.

Quantitative RT-PCR. Total RNA from serum and tissue
samples was prepared using a TRIzol and miRNeasy Mini kit
(Qiagen) according to the manufacturer's instruction.

Reverse transcription and real-time PCR (RT-PCR) quan-
tification of miRNA. cDNA was synthesized from total
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RNA using gene-specific primers according to the TagMan
MicroRNA assay as per the protocol of the manufacturer
(Applied Biosystems, Foster City, CA, USA). Quantitative
PCR of miRNA was performed using an Applied Biosystems
7300 Sequence Detection system. The 10 ul PCR reaction
contained 0.67 pl reverse transcription product, 1X TagMan
Universal PCR Master Mix, and 1 ul of the primer and probe
mix, according to the TagMan MicroRNA assay protocol
(Applied Biosystems) (16). The relative expression levels of
genes were determined using the 224 analysis method. The
snUG6 served as control.

MTT assay. Cell viability was determined using the tetrazo-
lium salt 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. Briefly, cells were plated into 96-well
culture plates at an optimal density of 5x10* cells/ml in 200 ul
of culture medium per well. After 24-96 h of culture, 20 ul
of 5 mg/ml MTT was added to each well and incubated at
37°C for 4 h. The medium was then gently aspirated and
150 p1 of dimethyl sulfoxide (DMSO) was added to each well
to solubilize the formazan crystals. The optical density of each
sample was immediately measured using a microplate reader
(Bio-Rad Laboratories, Hercules, CA, USA) at 490 nm.

Apoptosisassay. A propidiumiodide (PI) and Annexin V-FITC-
flow cytometry assay (BD Biosciences) was used to detect the
apoptosis rate in the cells after various treatment transfection.
Briefly, cells were harvested in complete RPMI-1640 medium
and centrifuged at 1,000 rpm for 5 min. Each of the cell lines
was washed with 1X phosphate-buffered saline (PBS) and
stained with 50 yg/ml PI and Annexin V-FITC, following the
manufacturer's instructions.

Western blot analysis. The protein expression of apoptosis-
related proteins in NSCLC cells was determined by using
western blot analysis according to the protocol described
before. Briefly, cell samples were lysed on ice for 30 min in
CytoBuster Protein Extraction Buffer (Novagen, Madison, W1,
USA) and 50 pg of protein was used for 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE).
The protein was then transferred to a nitrocellulose (NC)
membrane and was sealed with Tris-buffered saline Tween-20
(TBST) containing 5% non-fat milk powder. The membrane
was subsequently incubated with goat anti-human Fas (1:1,000;
Cell Signaling Technology, Danvers, MA, USA), FasL (1:800;
Santa Cruz Biotechnology, Santa Cruz, CA, USA) proteins,
and rabbit anti-human GAPDH (1:1,000; R&D Systems,
Minneapolis, MN, USA) at 4°C overnight, respectively. After
washing in TBST, the membrane was incubated with HPR
conjugated secondary antibodies (1:1,000) at 25°C, and the
protein quantity was determined using electrochemilumines-
cence (ECL) technique (BestBio, Oakland, CA, USA). The
results were photographed using the JS Gel Imaging System
(Shanghai Peiging Science and Technology Co.,Ltd., Shanghai,
China) and the gray density was calculated using SensiAnsys
software (Shanghai Peiqing Science and Technology).

Migration assays. Scratch wound assay employed to detect the
migration of the NSCLC cell lines before and after various
reagent treatments, as described before (17). Briefly, the A549
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and HCC4006 cells transfected with miR-768-3p-mimics,
miR-768-3p-antagomir and control miRNA-NC, at ~80%
confluency were seeded onto 6-well plates and incubated
at 37°C for 24 h. Then, a vertical scratch wound was made
through the center of each well using a 10-ul pipette tip. The
cells were then washed three times with PBS to remove the
scratched cells, and fresh serum-free medium was transferred.
After 12 h, the cells were examined by light microscopy at a
magnification of x200 to determine the resealing of the cell
monolayer.

Cell invasion assays. We employed BioCoat Matrigel invasion
chambers (BD Biosciences, Bedford, MA, USA) to compare the
effect of miR-768-3p overexpression or knockdown on in vitro
invasion of NSCLC cells as previously described (16,18). Briefly,
for the invasion assay, Costar Transwell 8 ym inserts were
coated with 50 ug reduced serum Matrigel (BD Biosciences).
Invasion chambers were coated with Matrigel and 1x10° cells
were added per chamber. Medium supplemented with 10% fetal
bovine setum (FBS) was used in the lower chamber. Following
incubation of cells that had invaded through the membrane that
were fixed and stained with crystal violet before the membrane
was removed and mounted on a slide for microscopic assess-
ment. Invasive cells were visualized at x40 magnification and
the number of cells in five random fields was counted and an
average calculated.

Matrix metalloprotein-2/9 (MMP-2/9) activity assay. The
activity of migration associated matrix metalloproteines,
MMP-2 and MMP-9, were determined by QuickZyme
MMPs activity assay (QucikZyme BioSciences, Leiden, The
Netherlands) according to the manufacturer's protocols. Briefly,
after transfection, cells were washed with fresh medium and
replaced with serum-free medium. After additional 24 h,
the medium was collected and centrifuged at 10,000 x g for
10 min. Respective supernatant was added to the 96-well
strip coated with MMP-2 antibody or MMP-9 antibody and
incubated at 4°C overnight. After washing with wash buffer
3 times, 50 pul assay buffer was added into the well, followed
by adding 50 pl detection reagent. After incubation at 37°C
for 1 h, OD405 was measured with microplate reader (BioTek
Instruments, Inc., Winooski, VT, USA) (19).

NSCLC xenograft nude mouse model. To test the oncogenic
phenotypes of miR-768-3p in NSCLC, we established NSCLC
xenograft nude mouse model. Forty-five nude mice (BALB/c
strain, 4-5 weeks old, 18-20 g) were purchased from Beijing
HFK Bioscience Co., Ltd. (Beijing, China). Mice were housed
and raised in the laboratory animal center of the Affiliated
Cancer Hospital of Kunming Medical University. Animal use
and treatment was approved by the Animal Ethics Committee
of Kunming Medical University. Mice were randomly assigned
to each of the following 9 groups (n=5): normal BEAS-2B-
treated group; miR-768-3p overexpression human NSCLC
cell (A549/HCC4006-miR-768-3p-mimics)-treated groups;
miR-768-3p functional deficient NSCLC cell (A549/HCC4006-
miR-768-3p-antagomir)-treated groups; matched control
groups (A549/HCC4006-mimics-NC and A549/HCC4006-
antagomir-NC). As described before, cells were harvested,
digested and injected intradermally into the left axilla of the
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Figure 1. Abnormal expression of miR-768-3p in NSCLC cases. The expres-
sion level of miR-768-3p in human NSCLC tissues and the matched adjacent
tissues normalized by U6 were determined by qRT-PCR (n=83). Data are
represented as mean + SD. "P<0.05 vs. adjacent normal tissue. NSCLC, non-
small cell lung cancer.

nude mice (20,21). After seeding, liquid absorption at the
injection site, tumor growth (volume and weight), and mouse
survival were measured. Tumor volume was measured on days
3,5,9, 13,17, 21, 25 and 29 post-injection. The largest (a) and
smallest diameters (b) of each tumor were measured twice on
days 3, 5,9, 13, 17,21, 25 and 29 to estimate tumor volume (V)
using the formula: V =0.52 x a? x b (20,21). On day 29, all mice
were sacrificed for tumor isolation. Then the tumor weight and
volume were evaluated. Mean tumor volumes were used to plot
tumor growth curves for each group of mice.

Statistical analysis. Data are presented as means + standard
deviation (SD). The unpaired t-test was used for comparison
between groups. Multivariate logistic regression analysis was
performed to evaluate the association between miR-768-3p
expressional level (low or high), along with clinicopathological
characteristics of NSCLC including sex, age, smoking status,
pathological type, cell grading (well, moderate or poor differ-
entiation), TNM stage, as well as tumor size. The strength of
association was measured using ORs with 95% CI. Logistic
regression was used for ordinal data to estimate adjusted
ORs. The cofactors included in regression analysis were sex,
age, smoking status, along with various clinicopathological
parameters, including pathological type, cell grading, TNM
stage, as well as tumor size. Chi-square test and Fisher's exact
test were used to assess the survival curves in NSCLC patients
with different miR-768-3p expressional levels. The statistical
significance of MTT cell activity, apoptosis factions, invasion
and migration, as well as the associated protein levels and
MMP2/9 activity among miR-768-3p mimics, antagomir and
the matched NC control groups was determined using one-way
ANOVA. Significance level was predetermined to be P<0.05
unless otherwise indicated. All analyses were conducted with
SPSS version 19.0 software (SPSS, Inc., Chicago, IL, USA).

Results

Abnormal expression of miR-768-3p associated with NSCLC.
The miR-768-3p RNA levels were detected in the tumor
tissues of NSCLC patients by qRT-PCR analysis. The data
showed that the expression levels of miR-768-3p in NSCLC
carcinoma were significantly increased compared to that of
adjacent normal tissues (P<0.05; Fig. 1).
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Table 1. Analysis of miR-768-3p expression in tumors and

clinical characteristics of NSCLC patients.

miR-768-3p expression (n=83)

Low High
level level Adjusted OR
n, (%) n, (%) (95% CI)
Sex 18 65
Male 8(9.6) 45(54.2) 36.89 (20.35-46.85)
Female 10(12) 20(242) 3.18(1.23-5.62)
Age (years)
<50 8(9.6) 784 1.68 (0.68-2.98)
50-65 5(6) 54 (65.2) 46.98 (29.66-58.47)
>65 5(6) 4(4.8) 1.36 (0.54-3.08)
Smoking status
Never 10(12) 18(21.8) 9.15(3.64-15.22)
Ever 8(9.6) 47(56.6) 39.88(29.87-46.89)
Pathological type
Adeno- 3(33.6) 41(495) 30.98 (21.36-43.68)
Squamous 7@84) 16(193) 13.02(9.65-23.87)
Large 8(9.6) 8(9.6) 2.36 (1.11-3.82)
Differentiation
Poor 5(6) 17 (204) 21.88 (15.24-31.49)
Moderate 6(72) 39@7)  39.72 (26.81-48.32)
Well 7@.7)  910.7) 1.58 (0.54-2.49)
TNM stage
I 6(72) 25(30.1) 24.33(18.62-36.27)
I 7(8.7) 26(31.3) 25.89(17.12-32.66)
I 5(6) 14 (16.7) 1033 (6.87-15.94)
Tumor size (cm)
<3 7(84) 25(385) 20.13(12.53-32.83)
>3 8(9.6) 40(61.5) 44.62(31.35-57.24)

CI, confidence interval; OR, odds ratio. Values in bold, P<0.05.

According to the miR-768-3p expression level, we divided
all the enrolled patients into two groups: Those with less than
or equal to median of miR-768-3p expression levels (low level)
and those with more than median of miR-768-3p expression
levels (high level). The median was used as cut-off (22).

The association between miR-768-3p status and various
clinicopathological characteristics results determined by ORs
revealed a positive trend for miR-768-3p level and sex (male,
P=0.0009), age (50-65, P=0.00012), smoking status (ever,
P=0.0004), pathological type (adenocarcinomas), cell grading
(moderate, P=0.00051; poor, P=0.002), TNM stage (I, P=0.001;
II, P=0.001), as well as tumor size (>3, P=0.0002; Table I).

miR-768-3p is associated with survival rate of NSCLC. The
60 months (5-year) survival rate of TNM stage 1 is >94%,
while it is <10% in patients with TNM stage II-III. Within
a period of 60 months of the follow-up, 13 NSCLC related
deaths occurred. All of the deaths come from patients with
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Figure 2. Survival curves of NSCLC patients with miR-768-3p level. NSCLC
patients with high miR-768-3p expression had significantly worse total
survival than those with low expression. Overall survival rate in patients
with high miR-768-3p expression level (miR-768-3p >median) was mark-
edly higher than those with low miR-768-3p expression level (miR-768-3p
< median).

miR-768-3p positive tumors. Kaplan-Meier estimated the
overall survival rate based on tissue miR-768-3p expression
in the patients with a follow-up period of 5 years (Fig. 2). In
the entire cohort, the overall survival rate of patients with
miR-768-3p low expressed tumors were significantly higher
than that of those with miR-768-3p positive tumors (83.83 vs.
17.24%; log-rank test: x*=22.96, P=0.000002, P<0.05) (Fig. 2).

The expression of miR-768-3p in NSCLC cell lines. The level
of miR-768-3p was detected in BEAS-2B, A549 and HCC4006
human NSCLC cell lines by qRT-PCR. BEAS-2B served as
normal control.

The data showed that miR-768-3p increased in either A549
or HCC4006 human NSCLC cell lines, compared with that
of BEAS-2B cell line (P<0.05; Fig. 3A), respectively. After
transduction with miR-768-3p mimics, the expression of
miR-768-3p was significantly upregulated in BEAS-2B, A549
and HCC4006 human NSCLC cell lines than that of the NC
treated group, respectively (P<0.05; Fig. 3B).

Reversely, the expression of miR-768-3p was significantly
downregulated following transduction with miR-768-3p
antagomir in the BEAS-2B, A549 and HCC4006 NSCLC cell
lines, compared with that of the matched NC treated group,
respectively (P<0.05; Fig. 3C).

Effects of miR-768-3p on the proliferation of NSCLC cell lines.
We assessed the effect of miR-768-3p overexpression or knock-
down on the regulation of NSCLC cells viability. Treatment with
miR-768-3p-mimics significantly increased the cell prolifera-
tion in either of A549 cells or HCC4006 cells, compared with
that of NC-treated group, respectively. MTT assay also showed
that miR-768-3p knockdown by miR-768-3p antagomir trans-
duction caused significantly decrease in cell viability of either
A549 or HCC4006 cell lines. However, the effects of neither
miR-768-3p mimics nor antagomir transduction were confirmed
in BEAS-2B cells (vs. NC treated control, P>0.05; Fig. 4).

Alterations of apoptosis in NSCLC cells after miR-768-3p
regulation. The apoptosis rate of NSCLC after miR-768-3p
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Figure 3. Detection of miR-768-3p level in NSCLC cells. (A) miR-768-3p
level increased in human NSCLC cell lines compared with that of BEAS-2B
cell line. "P<0.05 vs. BEAS-2B. (B) Transduction with miR-768-3p mimics
increased miR-768-3p levels in different cell lines, compared with the
matched mimics-NC control. "P<0.05 vs. mimics-NC control. (C) miR-768-3p
expression was knocked down by transfecting NSCLC cells treated with
miR-768-3p antagomir, when compared with an antagomir-NC transfected
cells. "P<0.05 vs. antagomir-NC control. The data represent the means = SD
(n=5).

mimics/antagomir transduction was determined by FCM.
There were less apoptotic NSCLC cells in A549 and HCC4006
groups treated with miR-768-3p mimics, when compared
with that of the matched NC treated groups, respectively
(P<0.05; Fig. 5A and B). The data also showed that there was
a significant increase in the apoptosis rate in miR-768-3p
antagomir infected cells relative to the matched control NC
infected ones, respectively (P<0.05; Fig. 5Cand D). However,
there was no significant different in the apoptosis of human
normal BEAS-2B cells (P>0.05; Fig. 5A-D).

The expression of apoptosis associated proteins Fas and
FasL were also determined in NSCLC cells after miR-768-3p
mimics/antagomir treatment. Consistence with the apoptosis
assay, compared with the matched NC control, miR-768-3p
mimics induced increase of FasL and decrease of Fas expres-
sions, while miR-768-3p antagomir decreased FasL and
increased Fas levels, respectively (Fig. 5SE and F).

Effect of miR-768-3p on migration, invasion and MMP
activity in NSCLC cells. Following miR-768-3p regulation,
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Figure 4 miR-768-3p transfection promoted proliferation of NSCLC cell
lines. MTT assay time-course for miR-768-3p mimics/antagomir treated
BEAS-2B, A549 and HCC4006. Treatment with miR-768-3p mimics induced
significant promotion in proliferation in either A549 (B) or HCC4006 (C)
cells, but not in BEAS-2B (A) cells. After miR-768-3p downregulation,
both A549 and HCC4006 cells showed significant decrease in proliferation
compared with that of the matched NC control ones, respectively (P<0.05).
“P<0.05 vs. mimics-NC control; “P<0.05 vs. antagomir-NC control. Values
plotted are means + SD (n=5).

we compared the migration and invasion of NSCLC cells
following miR-768-3p mimics, miR-768-3p antagomir, as well
as the matched control NC transfection.

Scratch wound assay showed a faster migration of the
miR-768-3p mimics transfected NSCLC cells than the control
mimics-NC transfected ones (Fig. 6A and B). There were
significant reductions of crystal violet stained NSCLC cells
following miR-768-3p antagomir transfection, in comparison
with that of the control NC treated cells, respectively (P<0.05;
Fig. 6C). Consistently, MMP-2 and MMP-9 activities were
decreased in both A549 and HCC4006 cells following
miR-768-3p antagomir transduction (Fig. 6D).

Reversely, transfection with miR-768-3p mimics significantly
increased the migration, invasion and the MMP-2/9 activities in
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Figure 5. miR-768-3p induces apoptosis of NSCLC cells. (A and C) The effects of miR-768-3p mimics/antagomir on the apoptosis of BEAS-2B, A549
and HCC4006 cells were detected by flow cytometry. (B and D) Quantitative analysis of apoptosis. Quantification showed that the percentage of apoptotic
cells in miR-768-3p antagomir transfected groups are significantly higher compared with the percentage in the control NC groups. (E) Expressions of Fas
and FasL proteins were determined by western blot analysis in NSCLC cells after different reagent treatments. Lane 1, miR-768-3p mimics-NC; lane 2
miR-768-3p mimics; lane 3, miR-768-3p antagomir-NC; lane 4, miR-768-3p antagomir. (F) Quantitative analysis of Fas and FasL proteins in different cells.
“P<0.05 vs. mimics-NC treated cells; “P<0.05 vs. antagomir-NC treated cells. Values plotted are means + SD (n=5).
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Figure 6. Effect of miR-768-3p on NSCLC cell migration and invasion. (A and B) Scratch wound assay. (A) Number of migrated cells transfected with dif-
ferent treatments; (B) light microscopy images are shown immediately after scratching of the monolayer and 48 h later. Cells moved more slowly over the
wound after miR-768-3p antagomir transduction. (C) Number of invasion cells transfected with different reagents. The Transwell assays indicated that the
miR-768-3p mimics promoted A549 and HCC4006 cells passed through the membrane and invaded the bottom chamber, compared with that of NC treated
ones. (D) Quantitative analysis of MMP-2/9 activity in miR-768-3p mimics/antagomir transfected A549 and HCC4006 cells. ‘P<0.05 vs. mimics-NC treated
cells; “P<0.05, vs. antagomir-NC treated cells. Values plotted are means + SD (n=5).

both kinds of NSCLC cells, compared with that of the matched
mimics-NC transduced ones, respectively (P<0.05; Fig. 6).

Effects of miR-768-3p on tumor formation and growth. Tumor
formation and growth were measured in mice after injections
of different NSCLC cells. Tumor growth was fastest and
neoplasms were larger in mice treated with miR-768-3p-
mimics-treated NSCLC cells compared with the other groups
13 days post-injection (P<0.05; Fig. 7). Reversely, xenograft
tumor formed last and grew slowest in those injected with
miR-768-3p-antagomir transfected cells. Tumor sizes were
also smaller in the miR-768-3p deficient group than in the other
groups between 13 and 29 days post-injection (P<0.05). These
results indicated that miR-768-3p promoted proliferation and
tumor formation of NSCLC xenografts in the mouse model.

Discussion

The present study revealed that: i) miR-768-3p significantly
increased in tissues from NSCLC cases, compared with that of

adjacent normal control; ii) expression of miR-768-3p in NSCLC
tumor cells were associated with clinicopathological factors of
NSCLC, including tumor size, histological grade, lymph node
metastasis, as well as 5-year survival rate. The data also showed
that inhibiting miR-768-3p function by miR-768-3p-atagomir
infection caused significant increase in apoptosis and Fas
levels, decrease in FasL expression, cell viability, migration
and invasion, MMP-2 and MMP-9 activities of A549 and
HCC4006 cells, respectively. Moreover, miR-768-3p promoted
proliferation and tumor formation in nude mice bearing NSCLC
xenograft tumor. These results suggested that abnormal elevated
miR-768-3p in NSCLC tumor and cell lines played important
role in NSCLC carcinogenic progression, including apoptosis,
migration and invasion. The targeting of miR-768-3p may be a
potential therapeutic strategy for the treatment of NSCLC.
Aberrant miRNA expression profiles are frequently
observed in cancers (23,24) and many miRNAs are implicated
in the initiation and progression of cancer and represent potential
targets for anticancer treatment (25,26). However, the possible
role of miR-768-3p in NSCLC is still not known. Evidence has
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Figure 7. Tumor formation and growth in nude mice after NSCLC xenografts. BEAS-2B, A549 and HCC4006 cells transfected with miR-768-3p mimics,
mimics-NC, antagomir or antagomir-NC were injected into nude mice. Tumor size was measured on days 3, 5, 9, 13, 17, 21, 25 and 29 post-injection,
respectively. Tumor volume growth curve was plotted. Tumor weights were measured in different groups. “P<0.05 vs. mimics-NC treated cells; “P<0.05 vs.

antagomir-NC treated cells. Values plotted are means + SD (n=5).

shown that abnormal expression of miR-768-3p was observed
in various cancers, indicating its oncogenic features. It was
described that miR-768-3p were overexpressed in plasma of
patients with hepatocellular carcinoma (27) and downregu-
lated in gastric and thyroid tumors (28,29), respectively. Jian
and his colleagues (30) reported that in human melanoma
downregulation of miR-768-3p as a result of activation of the
mitogen-activated protein kinase kinase (MEK)/extracellular
signal-regulated kinase (ERK) pathway has an important
role in the upregulation of eIFAE and enhancement in protein
synthesis. We found that significantly increased miR-768-3p in
NSCLC cases were associated with clinicopathological factors
of NSCLC. The following detection also revealed the elevated
miR-768-3p in NSCLC cells. The data suggested the oncogenic
roles of miR-768-3p involved in pathological events of NSCLC.

The data revealed that miR-768-3p inhibition caused
significantly decrease in cell viability and proliferation.
Induction of apoptosis highly affects cell proliferation. In
present study, flow cytometry with Annexin V/PI staining
also showed that miR-768-3p antagomir transduction
induced apoptosis in NSCLC cells, which was supported by
increased expressions of Fas and decreased expressions of
FasL. Reversely, miR-768-3p mimics significantly inhibited
apoptosis and promoted FasL generation in NSCLC cells.
The Fas ligand, FasL played a key role in the initiation of
apoptotic pathway (31), and was shown that alterations in
Fas/FasL pathway within tumor cells could result in escape
from apoptosis and immune surveillance. In malignant cells,
their reduced capability to undergo apoptosis in response to
some physiological stimuli resulting in a significant survival
advantage and possibly contributing to tumorigenesis (32,33).
Recent evidence revealed that: i) the Fas-negative NSCLC
patients showed significantly lower survival rate than those
with Fas-positive ones; ii) FasL protein was increased in most

NSCLC cases (up to 89%) compared to normal lungs (34).
Data demonstrated the reduced membranous Fas expression
as a mechanism of apoptotic resistance was considered to
play an important part of the pulmonary carcinogenesis.
Increased FasL expression is thought to be a basis for the
immune evasion in NSCLCs (34). Combined with the above,
the present study suggested that miR-768-3p played a role in
the apoptotic resistance of NSCLCs by Fas/FasL regulation.

Our results also suggested that abnormally elevated
miR-768-3p in NSCLC tumor and cell lines played an impor-
tant role in NSCLC carcinogenic progression, including
migration and invasion. NSCLC has a very poor prognosis
and is often characterized by aggressive local invasion,
early metastasis and poor response to chemotherapy (35).
Consequently, targeting and prevention of cancer cell metas-
tasis is among the biggest hurdles in clinical oncology (36).
Although a variety of metastasis-promoting genes have
been recently identified to be related to the metastasis of
NSCLC, the molecular mechanisms governing this metastasis
process are still not completely understood and the treatment
efficiency of metastatic NSCLC has not been significantly
improved (37,38). During metastasis, cancer cells rely heavily
on cell-extracellular matrix (ECM) interactions, cytoskeleton
remodeling and gene transcription (39). Taking into account
that MMPs such as MMP-2 and MMP-9 can be involved in the
development of several human malignancies, as degradation of
collagen IV in basement membrane and extracellular matrix
facilitates tumor progression, including invasion, metastasis,
and angiogenesis, we analyzed their activity (39). The data
also revealed that inhibiting miR-768-3p function leads to
increased migration and invasion rate, as well as MMP-2/9
activities in NSCLC cells, which indicated that miR-768-3p
was involved in metastatic process of NSCLC by promoting
NSCLC cells to migrate and invade.
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In conclusion, the results demonstrated that abnormal

elevated miR-768-3p in both carcinoma tissues in NSCLC
cases and NSCLC cell lines, were associated with clinic patho-
logical factors of NSCLC. Further inhibition of miR-768-3p by
miR-768-3p antagomir transduction: i) significantly increased
apoptosis by Fas/FasL regulation; ii) promoted proliferation
of NSCLC both in vitro and in vivo; iii) increased migration
and invasion of NSCLC cells. Just as we expected, transfec-
tion with miR-768-3p mimics reversed the effects described
above. Our data suggested that miR-768-3p played a role in the
apoptotic resistance of NSCLCs by Fas/FasL regulation, and
it was involved in metastatic process of NSCLC by promoting
NSCLC cells to proliferate, migrate and invade. The targeting
of miR-768-3p may be a potential therapeutic strategy for the
future treatment of NSCLC.
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