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Abstract
Lung cancer is an aggressive disease and the leading cause of cancer-related deaths worldwide. In the past several decades,
the incidence of adenocarcinoma has significantly increased, and accounts for ~40% of all lung cancer cases. In the present
study, we investigated the clinicopathologic significance of microRNA-130b (miR-130b) in lung adenocarcinoma and
analyzed its cancer-specific functions. RNA was extracted from formalin-fixed paraffin-embedded specimens of 146 lung
adenocarcinoma cases, and miR-130b expression was analyzed using quantitative real-time polymerase chain reaction. NCI-
H1650 cells were transfected with miR-130b mimic and inhibitor to determine its effects on tumor cell proliferation,
migration, and invasion. The expression of miR-130b in lung adenocarcinoma tissues was classified into two groups
according to the median value. High expression of miR-130b was associated with higher histological grade, advanced
pathologic T stage, lymph node metastasis, and lymphovascular invasion. Moreover, survival analysis showed that high
miR-130b expression was significantly associated with unfavorable prognosis. In addition, miR-130b upregulation promoted
cell migration and invasion, while its downregulation resulted in decreased cell proliferation, migration, and wound healing
in in vitro experiments. In conclusion, these findings suggest that miR-130b promotes tumor progression and serves as a
biomarker of poor prognosis for patients with lung adenocarcinoma. Hence, targeting miR-130b may serve as a potential
therapeutic strategy for lung cancer.

Introduction

Lung cancer is one of the leading causes of cancer deaths
worldwide [1]. Over the past decade, the treatment mod-
alities for lung cancer have evolved [2]. The use of tyrosine
kinase inhibitors targeting epidermal growth factor receptor,
anaplastic lymphoma kinase, and ROS1 and immune
checkpoint inhibitors blocking programmed cell death
protein 1/programmed death-ligand 1 interaction has dras-
tically changed the treatment paradigms for patients with
non-small cell lung cancer [3]. Although the overall patient

outcome has improved significantly due to advances in
treatment modalities, the prognosis of lung cancer is still
unsatisfactory [1]. This highlights the need for identifying a
novel biomarker that can serve as a candidate for targeted
therapy and predict patient outcome.

MicroRNAs (miRNAs), a group of short non-coding
RNAs (20–25 nucleotides), regulate gene expression at the
post-transcriptional level via binding to complimentary
sequences in the 3ʹ untranslated region of their target mes-
senger RNA (mRNA) transcripts [4–6]. Moreover, they
suppress the translation or degradation of their target
mRNAs by forming RNA-induced silencing complexes [7].
Fundamentally, miRNAs play important roles in various
biological processes, such as development, differentiation,
proliferation, and apoptosis [8]. In addition, an increasing
number of studies have revealed the differential expression
of miRNAs in various cancer types, and their effect on
cancer-related processes, including tumor cell proliferation,
migration, and invasion [9–12]. Furthermore, previous
studies revealed that miRNAs are aberrantly expressed in
human cancers and play oncogenic or tumor suppressive
roles according to the cancer type [6, 13, 14].
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Among miRNAs, miRNA-130b (miR-130b), located at
chromosome 22q11, has been reported to be related to
tumorigenesis of various cancers. miR-130b was shown to
promote cell migration and invasion in bladder cancer,
glioma, esophageal cancer, and Ewing sarcoma [15–18].
In addition, it has been reported that miR-130b suppresses
apoptosis in lung cancer and renal cell carcinoma, thus
promoting tumor cell proliferation [19, 20]. In colorectal
cancer, miR-130b upregulation has been associated with
enhanced epithelial–mesenchymal transition and angiogen-
esis [21]. Moreover, miR-130b contributes to chemoresis-
tance in breast cancer and lung cancer by activating
the phosphoinositol 3 kinase/protein kinase B and Wnt/β-
catenin pathways [22, 23].

In this study, we analyzed miR-130b expression in
human lung adenocarcinoma tissues using quantitative real-
time polymerase chain reaction (qRT-PCR) and evaluated
its correlation with various clinicopathologic characteristics.
Furthermore, we performed in vitro experiments to reveal
the role of miR-130b in tumor cell proliferation, migration,
and invasion.

Materials and methods

Patients and specimens

Tissue samples were obtained from 184 lung adenocarci-
noma patients who underwent curative resection at
Hanyang University Hospital from 2003 to 2014. None of
the patients received preoperative radiotherapy or che-
motherapy. Clinicopathologic data were collected from
medical records and histopathological reports. The histo-
pathological diagnoses were made according to the World
Health Organization (WHO) classification [24]. Histologic
grading was determined based on conventional histological
criteria, including architectural abnormality and cytologic
atypia. Most cases of histologic grade 1 were lepidic pre-
dominant subtype, grade 2 were acinar or papillary pre-
dominant subtype, and grade 3 were solid or micropapillary
predominant subtype based on the 2015 WHO classifica-
tion. The disease stage of the cases was assessed according
to the 8th edition of the American Joint Committee on
Cancer (AJCC) tumor-node-metastasis (TNM) staging
system [25]. In this study, histologic grade was dichot-
omized as low (Grade 1) or high (Grade 2 + Grade 3), pT
(pathologic T) stage as early (pTis+ pT1) or advanced
(pT2–pT4), AJCC stage as early (stage I) or advanced
(stage II–IV), and primary tumor size as small (< 3 cm) or
large (≥ 3 cm). Disease-free survival (DFS) was measured
from the date of surgical resection to the date of recurrence
or death owing to lung adenocarcinoma or the date of the
last follow-up. Overall survival (OS) was measured from

the date of operation until the date of death or last follow-
up. This study was approved by the Institutional Review
Board of Hanyang University Hospital (IRB file no. HYUH
2016-07-038).

miRNA expression data collection from the Cancer
Genome Atlas (TCGA) dataset

Level 3 miRNA expression data and corresponding clinical
information for 452 lung adenocarcinoma samples were
obtained from TCGA data portal (https://portal.gdc.cancer.
gov/). After excluding 12 cases with positive surgical
margins and 5 cases with insufficient clinical information,
435 cases were selected.

qRT-PCR

To identify the most representative and non-necrotic tumor
area, we reviewed all hematoxylin and eosin-stained slides
and marked the most appropriate tumor portion. Three or
four 10-µm thick sections from each paraffin block were
collected. Total RNA was extracted from the formalin-fixed
paraffin-embedded (FFPE) tissues using the miRNeasy
FFPE kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. The human lung adenocarci-
noma cell line (NCI-H1650) was purchased from the Kor-
ean Cell Line Bank (Seoul, Korea) and RNA was extracted
using TRIzol reagent (Thermo Fisher Scientific, Illinois,
USA). RNA concentration and purity were measured using
the NanoDrop 2000 spectrophotometer (NanoDrop Tech-
nologies, Waltham, MA, USA). Universal cDNA synthesis
kit (Exiqon, Vedbaek, Denmark) was used to convert RNA
into cDNA. qRT-PCR experiments were performed using
a mixture of diluted cDNA samples, miR-130b-specific
primer sets (Exiqon), and ExiLENT SYBR Green Master
mix (Exiqon). qRT-PCR was performed on the CFX96
thermocycler (Bio-Rad, Hercules, CA, USA) under the
following conditions: 95 °C for 15 min, followed by 45
cycles of 95 °C for 10 s and 60 °C for 1 min. After PCR
amplification, melting curve analysis was performed to
confirm the specificity of PCR products. The expression
level of miR-130b was calculated relative to the U6 small
nuclear RNA using the 2−ΔΔCt method. miR-130b expres-
sion was classified into low or high expression according to
the median value.

Cell culture and transfection

The human lung adenocarcinoma cell line, NCI-H1650, was
obtained from the Korean Cell Line Bank (Seoul, Korea).
NCI-H1650 cells were cultured in Roswell Park Memorial
Institute-1640 medium containing 10% fetal bovine serum
and 1% penicillin (Welgene, Daegu, Korea). All cells were
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grown at 37 °C in a humidified atmosphere of 5% CO2.
Penicillin was removed from the medium 48 h before per-
forming any experiment.

miR-130b mimics, miR-130b inhibitor, and control were
synthesized by Bioneer (Daejeon, Korea). Cell transfection
was performed using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
instructions. The cells were prepared for further analyses
after 48 h of transfection.

Cell proliferation assay

To evaluate the effect of miR-130b on cell proliferation,
NCI-H1650 cells were transfected with miR-130b mimic
and inhibitor. After harvesting, equal numbers of cells were
seeded in a six-well plate. Every 24 h, the transfected cells
were manually counted for 4 days using trypan blue stain-
ing, and each experiment was performed in triplicate.

The MTT assay was performed using the Vybrant MTT
Cell Proliferation assay kit (Invitrogen, Carlsbad, CA,
USA). At 8 h after transfection, NCI-H1650 cells were
seeded in a 96-well culture plate. After 24, 48, and 72 h of
incubation, 10 µL of MTT solution was added into each
well for 2 h at 38 °C to solubilize the crystals. The optical
density was determined with a spectrophotometer at a
wavelength of 490 nm.

Transwell migration and invasion assays

Migration and invasion assays were performed using
transwell chambers. For the migration assay, 1 × 105 cells
were seeded into the upper chamber of the transwell
(Corning, NY, USA). For the invasion assay, 1 × 105 cells
were seeded in the upper chamber precoated with Matrigel.
In both the assays, cell suspension in medium without
serum was seeded in the upper chamber, and cells in
medium containing 10% fetal bovine serum were seeded in
the lower chamber as chemoattractant. After 24 h, cells that
did not migrate or invade were removed with a cotton swab.
The membranes were then fixed and stained with 0.5%
crystal violet. The number of invading and migrating cells
in three random fields were counted using a light micro-
scope, and each experiment was repeated in triplicate.

Wound-healing assay

The transfected cells were cultured in serum-free Roswell
Park Memorial Institute-1640 medium and seeded in
culture inserts, which artificially produced homogenous
wounds covered with sterile silicone insert. After taking
off the insert, cells were gently washed twice with
Dulbecco’s phosphate-buffered saline to remove any free-
floating cells or debris, and the medium was replaced with

medium containing 10% fetal bovine serum. The cells
were incubated at 37 °C for 24 h. The wounds covered by
proliferating cells were observed under a phase-contrast
microscope after 24 and 48 h. All experiments were per-
formed in triplicate.

Statistical analysis

Statistical analysis was performed using SPSS 21.0 soft-
ware (SPSS, Chicago, IL, USA). χ2 test and Mann–Whitney
U test was used to evaluate the association between miR-
130b expression and various clinicopathologic features of
lung adenocarcinoma. Both DFS and OS were measured
from the day of surgery and their curves were generated
using Kaplan–Meier analysis, and the log-rank test was
applied to establish the level of significance. A Cox pro-
portional hazard regression model was employed for both
univariate and multivariate survival analyses. Student’s t
test was used for comparing the means of two groups. A
p value of <0.05 was considered as statistically significant.

Results

Clinical and pathologic characteristics of the cohort

The clinicopathologic parameters assessed included age,
sex, primary tumor size, histologic grade, pT stage, AJCC
stage, lymph node metastasis, pleural invasion, lympho-
vascular invasion, and perineural invasion (Table 1).
Among 184 cases, 38 cases with unavailable paraffin tissues
or failed RNA extraction were excluded. The miRNA
expression data of 146 cases were collected. Approximately
two-thirds of the patients were older than 60 years of age
(n= 90, 61.6%), and the percentage of females was slightly
higher than that of males (n= 83, 56.8%). In addition, more
than half the cases exhibited small tumor size (n= 94,
64.4%), high histologic grade (grade 2 and grade 3; n=
119, 81.5%), and early AJCC stage (n= 90, 61.7%).

Correlation between miR-130b expression and
clinicopathologic parameters in lung
adenocarcinoma

We next analyzed the correlation between miR-130b
expression and clinicopathologic parameters, including age,
sex, primary tumor size, histologic grade, pT stage, AJCC
stage, lymph node metastasis, and pleural invasion (Table 2).
Results showed that high miR-130b expression was asso-
ciated with aggressive phenotypes, such as higher histologic
grade (p < 0.001), advanced T stage (p= 0.012), advanced
AJCC stage (p= 0.004), lymph node metastasis (p= 0.021),
and lymphovascular invasion (p= 0.030); however, no
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statistically significant correlation was observed with age,
sex, primary tumor size, pleural invasion, or perineural
invasion. Additionally, we compared the mean expression
level of miR-130b in each clinicopathologic parameters by

Mann–Whitney U test. Results showed that mean miR-130b
expression was also associated with aggressive phenotypes,
such as higher histologic grade (p= 0.002), advanced AJCC
stage (p= 0.013), and lymph node metastasis (p= 0.042).

Prognostic value of miR-130b expression in lung
adenocarcinoma

The median DFS and OS for all patients were 37.6 and
47.6 months, respectively. Patients with low miR-130b
expression showed significant DFS prolongation compared
to those with high miR-130b expression (p < 0.001;
Fig. 1a). The OS rate of patients with low miR-130b
expression was also higher than that of patients with high
miR-130b expression (p < 0.001; Fig. 1b).

The results of univariate survival analysis are shown in
Table 3. Larger primary tumor size (p= 0.005), higher
histologic grade (p= 0.007), advanced pT stage (p=
0.013), advanced AJCC stage (p < 0.001), lymph node
metastasis (p < 0.001), lymphovascular invasion (p <
0.001), perineural invasion (p= 0.013), and high miRNA-
130b expression (p < 0.001) were predictors of poor DFS.
In addition, larger primary tumor size (p= 0.008), higher
histologic grade (p= 0.020), advanced pT stage (p=
0.007), advanced AJCC stage (p < 0.001), lymph node
metastasis (p < 0.001), pleural invasion (p= 0.012), lym-
phovascular invasion (p= 0.001), and high miRNA-130b
expression (p= 0.001) were also predictors of poor OS. In
multivariate Cox regression analysis, the parameters that
were not significant in univariate analysis were excluded.
High miR-130b expression was found to be an independent
prognostic factor of unfavorable DFS (p= 0.013; Table 4).

To further assess prognostic difference according to miR-
130b expression, we used publicly available level 3 miRNA
expression data and clinical information from TCGA. The
mean follow-up period of the cohort was 29.3 months. Of the
435 cases, 154 showed tumor recurrence or progression and
153 died. There were no significant differences in DFS and
OS between the high and low miRNA-130b expression
groups (p= 0.167 and p= 0.118, respectively; Fig. 1c). In
subgroup analyses according to tumor stage, high miRNA-
130b expression was associated with shorter DFS in 243 stage
I cases (p= 0.006; Fig. 1d). However, high miRNA-130b
expression was not associated with OS (p= 0.210).

miR-130b regulates cell proliferation and migration
in vitro

In NCI-H1650 cells, miR-130b expression was upregulated
and downregulated using an miR-130b mimic and inhibitor,
respectively, to investigate the functional role of miR-130b
in the progression of lung adenocarcinoma. After transfec-
tion with miR-130b mimic and inhibitor, the expression of

Table 1 Clinical and pathologic characteristics of patients with lung
adenocarcinoma.

Number of patients

Total (n= 146) %

Age

<60 years 56 38.4

≥60 years 90 61.6

Sex

Male 63 43.2

Female 83 56.8

Primary tumor size

<3 cm 94 64.4

≥3 cm 52 35.6

Histologic grade

G1 27 18.5

G2 103 70.5

G3 16 11.0

Pathologic T category

Tis 2 1.4

T1 64 43.8

T2 70 47.9

T3 6 4.1

T4 4 2.7

AJCC stage

0 2 1.4

I 88 60.3

II 29 19.9

III 27 18.5

Pathologic N category

N0 104 71.2

N1 20 13.7

N2 20 13.7

N3 2 1.4

Pleural invasion

PL0 91 62.3

PL1 44 30.1

PL2 10 6.8

PL3 1 0.7

Lymphovascular invasion

Absent 88 60.3

Present 58 39.7

Perineural invasion

Absent 117 80.1

Present 29 19.9

AJCC American Joint Committee on Cancer.
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miR-130b assessed by qRT-PCR (p < 0.001, Fig. 2a). Cell
proliferation was measured for 1 to 3 days using the MTT
assay. Inhibited cell proliferation was detected in cells with
downregulated miR-130b expression compared to negative
control cells (p < 0.05; Fig. 2b).

Cell migration was investigated using the transwell
migration and wound-healing assays. Compared with con-
trol cells, cells transfected with miR-130b inhibitor showed
lesser migration (p < 0.05), while cells transfected with
miR-130b mimic showed higher migration (p < 0.05) at 6 h
after plating (Fig. 2c, d). Wound-healing assay indicated
that cells with miR-130b upregulation and downregulation
migrated to cover 60% and 14% of the initial wound area at

48 h after wounding, respectively. However, the control
cells covered an average of 42% of the wound area (Fig. 2e,
f). Moreover, the transwell invasion assay indicated that the
number of invading cells was significantly increased after
transfection with miR-130b mimic (Fig. 2g, h).

Discussion

The miR-130 family has been associated with the devel-
opment of many cancers, probably via interfering with
cellular processes, such as cell cycle, cell differentiation,
epithelial–mesenchymal transition, and angiogenesis [21].

Table 2 Correlation between
microRNA-130b expression and
various clinicopathologic
parameters in lung
adenocarcinoma.

Clinicopathologic parameters microRNA-130b expression (dichotomized) microRNA-130b
expression
(normalized
using U6)

n Low High p value† Median p value‡

Age

<60 years 56 24 (42.9%) 32 (57.1%) 0.136 0.0056 0.138

≥60 years 90 50 (55.6%) 40 (44.4%) 0.0025

Sex

Male 63 30 (47.6%) 33 (52.4%) 0.506 0.0483 0.322

Female 83 44 (53.0%) 39 (47.0%) 0.0034

Primary tumor size

<3 cm 94 52 (55.3%) 42 (44.7%) 0.132 0.0028 0.190

≥3 cm 52 22 (42.3%) 30 (57.7%) 0.0054

Histologic grade

G1 27 23 (85.2%) 4 (14.8%) <0.001 0.0016 0.002

G2, G3 119 51 (42.9%) 68 (57.1%) 0.0056

Pathologic T category

Tis, T1 66 41 (62.1%) 25 (37.9%) 0.012 0.0023 0.057

T2, T3, T4 80 33 (41.2%) 47 (58.8%) 0.0058

AJCC stage

I 90 54 (60.0%) 36 (40.0%) 0.004 0.0025 0.013

II, III, and IV 56 20 (35.7%) 36 (64.3%) 0.0081

Lymph node metastasis

Absent 104 59 (56.7%) 45 (43.3%) 0.021 0.0026 0.042

Present 42 15 (35.7%) 27 (64.3%) 0.0077

Pleural invasion

Absent 91 49 (53.8%) 42 (46.2%) 0.326 0.0034 0.883

Present 55 25 (45.5%) 30 (54.5%) 0.0043

Lymphovascular invasion

Absent 88 51 (58.0%) 37 (42.0%) 0.030 0.0022 0.052

Present 58 23 (39.7%) 35 (60.3%) 0.0059

Perineural invasion

Absent 117 58 (49.6%) 59 (50.4%) 0.589 0.0042 0.445

Present 29 16 (55.2%) 13 (44.8%) 0.0027

AJCC American Joint Committee on Cancer.
†χ2 test; ‡Mann–Whitney U test.
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Previous studies have demonstrated the oncogenic role of
miR-130b in glial tumor, bladder cancer, hepatocellular
carcinoma (HCC), colorectal cancer, lung cancer, breast
cancer, gastric cancer, and renal cell carcinoma
[15, 19, 22, 23, 26–36]. Conversely, miR-130b has been
shown to act as a tumor suppressor as well as an oncogene
in breast, cervical, ovarian, gastric, prostatic, and pancreatic
cancers and osteosarcoma [37–43].

In previous studies, miR-130b has been reported to cause
various functional changes and induce tumorigenesis. miR-
130b was shown to promotes migration and invasion in
glioma [16, 28], esophageal cancer [17], bladder cancer
[44], HCC [33], and Ewing sarcoma [18]. Moreover, miR-
130b was shown to inhibit apoptosis in lung cancer [19],
renal cell carcinoma [20], and glioma [27]. Several studies
have shown that miR-130b contributes to angiogenesis in

Fig. 1 Comparison of survival
rates between low and high
miR-130b expression groups. a
Kaplan–Meier (KM) disease-
free survival (DFS) curves for
our cohort. b KM overall
survival (OS) curves for our
cohort. c KM DFS curves for
lung adenocarcinoma using
TCGA data (n= 435). d KM
DFS curves for stage I lung
adenocarcinoma using TCGA
data (n= 243).

Table 3 Univariate Cox
regression analysis of factors
related to the prognosis of lung
adenocarcinoma.

Disease-free survival Overall survival

HR 95% CI p values HR 95% CI p values

Age (<60 years vs. ≥60 years) 1.072 0.623–1.847 0.801 1.602 0.864–2.968 0.135

Sex (male vs. female) 1.469 0.855–2.524 0.163 1.728 0.968–3.085 0.064

Primary tumor size (<3 cm vs. ≥3 cm) 2.175 1.268–3.729 0.005 2.183 1.223–3.895 0.008

Histologic grade (G1 vs. G2, G3) 5.010 1.560–16.089 0.007 5.364 1.299–22.150 0.020

Pathologic T category (Tis, T1 vs. T2,
T3, T4)

2.052 1.166–3.612 0.013 2.355 1.265–4.384 0.007

AJCC stage (I vs. II, III, and IV) 4.560 2.596–8.009 <0.001 4.648 2.477–8.721 <0.001

Lymph node metastasis (absent vs.
present)

3.188 1.858–5.472 <0.001 2.889 1.620–5.153 <0.001

Pleural invasion (absent vs. present) 1.145 0.643–2.039 0.647 2.154 1.186–3.911 0.012

Lymphovascular invasion (absent vs.
present)

2.805 1.622–4.850 <0.001 2.700 1.483–4.914 0.001

Perineural invasion (absent vs. present) 2.123 1.175–3.835 0.013 1.830 0.959–3.495 0.067

MicroRNA-130b expression (low
vs. high)

4.217 2.168–8.202 <0.001 3.267 1.618–6.598 0.001

AJCC American Joint Committee on Cancer, HR hazard ratio, CI confidence interval.
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colorectal carcinoma [21] and chemoresistance in lung [23]
and breast cancer [22]. In the present study, the oncogenic
role of miR-130b was demonstrated using in vitro experi-
ments. Our results demonstrated that the upregulation of
miR-130b significantly promoted the migration and inva-
sion of lung adenocarcinoma cells, whereas miR-130b
downregulation inhibited cell proliferation and migration.

Previous studies using clinical data have shown that
miR-130b overexpression is correlated with aggressive
phenotypes and poor prognosis in various cancers, includ-
ing glioma [16, 29, 45], HCC [33, 46], lung cancer [19], and
bladder cancer [44]. Moreover, high miR-130b expression
was associated with advanced WHO grade or TNM stage in
all above-mentioned cancers, except colon cancer. In
addition, poor histologic grade and high miR-130b
expression were found to be correlated in all cancers,
while distant metastasis and miR-130b expression levels
were significantly correlated in colon and lung cancers
[19, 21]. In HCC, venous invasion was significantly asso-
ciated with alpha-fetoprotein level, HBsAg, and high miR-
130b expression [33, 46]. Moreover, in previous studies on
glioma [16, 45] and HCC [46], Kaplan–Meier analysis
showed that miR-130b expression had a significant influ-
ence on OS, and high miR-130b expression was correlated
with poor prognosis.

In the present study, high miR-130b expression was
found to be significantly correlated with higher histologic
grade, advanced pT stage, advanced AJCC stage, and
lymph node metastasis. Furthermore, the DFS and OS of the
high miR-130b expression group were significantly shorter
than those of the low miR-130b expression group. In a
multivariate Cox model, high miR-130b expression was
found to be an independent poor prognostic factor of DFS.
Therefore, our results support the notion that miR-130b
might serve as a novel prognostic biomarker for lung

adenocarcinoma. The survival curves from TCGA data are
different from those of our cohort. According to the TCGA
data, high miRNA-130b expression was associated with
shorter DFS in only stage I cases. The patient outcome
could be affected by several factors, such as follow-up
period of cohort, patient’s ethnicity, and method detecting
miR-130b expression level. The ratio of each AJCC stage
were similar with our cohort, however, the patient follow-up
period of our cohort was much longer than that of TCGA
data (mean follow-up period, 40.78 months vs.
20.93 months) and only Korean from single hospital was
enrolled in our cohort. MiRNA expression level evaluated
by next-generation sequencing technique for TCGA cohort
and polymerase chain reaction for our cohort. Since this
study only evaluated the miR-130b level in the patients with
adenocarcinoma only, further studies with large cohort,
including patients with other types of lung cancer, such as
squamous cell carcinoma and small cell carcinoma, are
needed.

Many studies indicated that miRNA can be a novel
therapeutic target for human cancer. For miRNAs with
oncogenic function, potential therapies include anti-miRNA
oligonucleotides, miRNA sponges, miRNA masking, and
small molecule inhibitor [47]. Several miRNA-targeted
therapeutics have reached clinical development. The first
miRNA-targeted therapy, MRX34 has started clinical trial
for liver cancer in 2013 (NCT01829971) and miR-16-based
therapy is currently under phase I clinical trials for patients
with advanced non-small cell lung cancer (NCT02369198).

In conclusion, in this study, we highlighted the onco-
genic role of miR-130b in lung adenocarcinoma and its
significant correlation with adverse clinicopathologic para-
meters and poor patient outcome. Our data suggest that
miR-130b may serve as a potential therapeutic target as well
as a new prognostic biomarker of lung adenocarcinoma.

Table 4 Multivariate Cox
regression analysis of factors
related to the prognosis of lung
adenocarcinoma.

Disease-free survival Overall survival

HR 95% CI p values HR 95% CI p values

Primary tumor size (<3 cm vs. ≥3 cm) 0.918 0.423–1.991 0.828 1.157 0.473–2.832 0.749

Histologic grade (G1 vs. G2, G3) 1.730 0.483–6.192 0.399 1.726 0.371–8.021 0.486

Pathologic T category (Tis, T1 vs. T2,
T3, T4)

0.907 0.421–1.953 0.803 0.699 0.227–2.146 0.531

AJCC stage (I vs. II, III, and IV) 4.341 1.636–11.519 0.003 4.270 1.528–11.936 0.006

Lymph node metastasis (absent vs.
present)

0.562 0.233–1.356 0.200 0.657 0.269–1.607 0.358

Pleural invasion (absent vs. present) 1.911 0.816–4.477 0.136

Lymphovascular invasion (absent vs.
present)

1.674 0.879–3.190 0.117 1.520 0.769–3.005 0.229

Perineural invasion (absent vs. present) 1.415 0.739–2.709 0.295

MicroRNA-130b expression (low
vs. high)

0.013 1.214–5.208 0.013 1.927 0.916–4.054 0.084

AJCC American Joint Committee on Cancer, HR hazard ratio, CI confidence interval.
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Fig. 2 In vitro effect of miR-130b on lung adenocarcinoma cell
proliferation, migration, and invasion. a Expression level of miR-
130b in NCI-H1650 cells. b Cell proliferation (MTT) assay. c, d Cell

migration assay. e, f Wound-healing assay. g, h Invasion assay. (*p <
0.05, **p < 0.01).
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