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Abstract
This study aimed to screen lymphatic metastasis-related microRNAs (miRNAs) in lung adenocarcinoma and explore their

underlying mechanisms using bioinformatics. The miRNA expression in primary lung adenocarcinoma, matched adjacent non-

tumorigenic and lymph node metastasis tissues of patients were profiled via microarray. The screened metastasis-related miRNAs

were then validated using quantitative real-time PCR in a second cohort of lung adenocarcinoma patients with lymphatic metas-

tasis. Significance was determined using a paired t-test. Target genes of the metastasis-related miRNAs were predicted using

TargetScan, and transcription factors (TFs) were predicted based on the TRANSFAC and ENCODE databases. Furthermore, the

related long non-coding RNAs (lncRNAs) were screened with starBase v2.0. The miRNA-TF-mRNA and lncRNA-miRNA-mRNA

networks were constructed to determine the key interactions associated with lung adenocarcinoma metastasis. According to the

miRNA microarray results, there were 10 miRNAs that were differentially expressed in metastatic tissues compared with primary

tumor and adjacent non-tumorigenic tissues. Among them were increased levels of miR-146a-5p, miR-342-3p, and miR-150-5p,

which were validated in the second cohort. Based on the miRNA-TF-mRNA network, vascular endothelial growth factor A and

transcription factors (TFs) including TP53, SMAD4, and EP300 were recognized as critical targets of the three miRNAs.

Interactions involving SNHG16–miR-146a-5p–SMAD4 and RP6-24A23.7–miR-342-3p/miR-150-5p–EP300 were highlighted

according to the lncRNA-miRNA-mRNA network. miR-146a-5p, miR-342-3p, and miR-150-5p are lymphatic metastasis-related

miRNAs in lung adenocarcinoma. Bioinformatics analyses demonstrated that SNHG16 might inhibit the interaction between miR-

146a-5p and SMAD4, while RP6-24A23.7 might weaken miR-342-3p–EP300 and miR-150-5p–EP300 interactions in metastasis.
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Introduction

Pulmonary adenocarcinoma is an admixture of acinar, pap-
illary, solid, and lepidic patterns. It is the leading histo-
logical form of lung cancer and presents as the most
common cause of cancer-related death with a five-year sur-
vival rate lower than 15%.1,2 Pulmonary adenocarcinoma is
asymptomatic in the early stages and, in most cases, pro-
gresses to advanced stages with various metastases when
diagnosed.3 These are the primary contributing factors of its
poor clinical outcomes. Hematogenous, lymphatic, and
transcoelomic spread are the three major mechanisms that
are responsible for metastasis in primary lung cancer.4 It has
been reported that the rate of lymphatic metastasis is 32.2%

in Chinese patients with lung adenocarcinoma less than
2 cm in diameter5 and increases to as much as 60.2% in
patients with larger tumor size.6,7 The high incidence and
low survival rate associated with pulmonary adenocarcin-
oma emphasize the need to elucidate the underlying
molecular mechanisms of lymph node metastasis to provide
a theoretical basis for new diagnostic strategies and
treatments.

Lymphatic spread is considered to be a consequence of
the invasion of interstitial lymphatic vessels in the lungs.4 In
addition to epithelial–mesenchymal transition (EMT), meta-
static competencies of the primary cancer cells, including
increased motile and invasive properties, resistance to
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hypoxia, cell survival after detachment, enhanced lym-
phangiogenesis, and evasion of immune surveillance, are
essential.8,9 As a group of short non-coding RNA,
microRNA (miRNA) can post-transcriptionally suppress
gene expression and thereby affect the disease progres-
sion.10 An accumulation of evidence suggests that
miRNAs have a role in metastasis either by promoting or
suppressing these associated malignant processes. For
instance, miR-483-5p promotes lung adenocarcinoma by
down-regulating activated leukocyte cell adhesion mol-
ecule (ALCAM) to improve cell motility and invasiveness,
and inhibits RhoGDl1 during the EMT process11; miR-200
inhibits cell invasion by targeting Flt1/VEGFR112; and miR-
31 functions as a biomarker for lymph node metastasis by
increasing lung adenocarcinoma cell migration and inva-
sion through ERK1/2.13 Despite these encouraging find-
ings, data on the contributions of miRNAs in lung
adenocarcinoma lymph node metastasis are seriously
limited.

Long non-coding RNAs (lncRNAs) have lengths exceed-
ing 200 bp. lncRNAs are critical for the regulation of
diseases,14 such as lung cancer.15 Recent studies have
shown that lncRNAs act as regulatory molecules impacting
multiple progresses in the cancer cell cycle. lncRNAs are
key competing endogenous RNAs (ceRNAs) with
common miRNA recognition elements that regulate the
expression of the miRNA-targeted genes by competitively
binding to miRNAs.16 The involvement of metastasis-
associated lung adenocarcinoma transcript 1 (MALAT1) in
the metastasis of non-small cell lung cancer (NSCLC), in
particular adenocarcinoma metastasis, is well accepted17;
however, the functions of other lncRNAs in lung adenocar-
cinoma metastasis in the lymph nodes remain largely
unknown.

Microarray profiling of miRNA expression is useful for
determining the global expression patterns of miRNA in
developmental processes or diseases.18 Bioinformatics ana-
lysis plays a key role in large-scale expression profiling and
lays the groundwork for biological interpretation.19 Herein,
using microarrays, we conducted miRNA expression pro-
filing to comprehensively screen the lymph node metasta-
sis-related miRNA signatures in Chinese Han patients with
lung adenocarcinoma. The expression alterations of the top
three most significant miRNAs were validated using quan-
titative real-time PCR (qRT-PCR). Subsequently, miRNA-
TF-mRNA and lncRNA-miRNA-mRNA network analyses
were performed to predict the key interactions among
miRNAs, their target genes, and related lncRNAs. Based
on these findings, we discuss the possible mechanisms of
miRNA signatures of lung adenocarcinoma lymph node
metastasis.

Patients and methods
Clinical samples

Samples of primary tumors, matched adjacent normal
tissues and metastatic tissues from 10 lung adenocarcinoma
patients (6 females and 4 males; mean age¼ 56; mean tumor
size¼ 3.22 cm). All patients had lymphatic metastasis
(1 patient in T1N2M0 stage, six patients in T2N1M0 stage,

two patients in T2N2M0 stage, and one patient in T3N1M0
stage), and all samples were used for miRNA microarray
profiling. Metastasis-related miRNAs were validated in
tumor tissues isolated from 40 lung adenocarcinoma
patients (19 females and 21 males; mean age¼ 60.70;
mean tumor size¼ 3.51 cm; 12 patients with lymphatic
metastasis and 28 patients without lymphatic metastasis;
19 patients in T1N0M0 stage, 1 patient in T1N1M0 stage,
2 patients in T1N2M0 stage, 7 patients in T2N0M0 stage, 2
patients in T2N1M0 stage, 2 patients in T2N2M0 stage, 1
patient in T3N0M0 stage, 1 patient in T3N0M1 stage, 1
patient in T3N1M0 stage, 3 patients in T4N1M0 stage, and
1 patient in T4N2M1 stage) using qRT-PCR. All patients had
a histopathologic diagnosis of lung adenocarcinoma with or
without lymphatic metastasis according to the 2015 WHO
classification.20 All frozen samples were obtained from the
No. 117 Hospital of People’s Liberation Army (PLA). This
study was approved by the Hospital Ethics Committee and
informed consents were obtained from all patients enrolled.

miRNA microarray assay and identification of
metastasis related miRNAs

Total RNA was extracted using TRIZOL (Invitrogen,
Carlsbad, CA) according to the manufacturer’s instructions.
The quality was assessed using an UV spectrophotometer
Q3000 bioanalyzer (Quawell, San Jose, CA). Subsequently,
total RNA was quantified using NanoDropTM2000 (Thermo,
Waltham, MA).

miRNA microarray profiling was conducted using a ser-
vice provider (LC Sciences, Houston, TX) employing meth-
ods described previously.21,22 Briefly, 4–8mg samples of total
RNA were fractionated to less than 200 nucleotides and 3’-
polyadenylated. Then, an oligonucleotide tag (conjugated
with Cy3 dye) was ligated to the poly (A) tail. Hybridization
was performed overnight at 34�C on a mParaflo microfluidic
chip. A 100mL 6� SSPE buffer (0.90 mol/L NaCl, 60 mmol/
L Na2HPO4, 6 mmol/L EDTA, pH 6.8) containing 25% for-
mamide was used.23 Subsequently, the chip was scanned
using a GenePix 4000B laser scanner (Molecular Device,
Sunnyvale, CA). The data were then digitized using
Media Cybernetics Array-Pro image analysis software
(Carlsbad, CA). After background subtraction, the signals
were normalized using a Locally weighted Regression
(LOWESS) filter.24

Metastasis-related miRNAs were defined as differen-
tially expressed miRNAs (DEMs) in metastatic tissues com-
pared with primary tumor and carcinoma adjacent tissues.
DEMs were identified using a two-tailed paired t-test25 and
defined when P value< 0.05. In the present study, only the
top three DEMs were further subjected to further analysis in
the following validation experiments.

miRNA verification by qRT-PCR

qRT-PCR was performed using SYBR Premix Ex TaqTM

miRNA assays (TAKARA, Tokyo, Japan) and the ABI
StepOne Plus Real-time PCR system (ABI PRISM�

7900HT; Applied Biosystems, Foster City, CA). The PCR
protocol was as follows: 50�C for 2 min, 95�C for 2 min, 39
cycles of 95�C for 15 s, and 60�C for 30 s. The following
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primers were used: miR-146a-5p forward primer, 5’-
CGGCGGCTGAGAACTGAAT-3’; miR-146a-5p reversed
primer, 5’-CAGTGCAGGGTCCGAGGTAT-3’; miR-342-3p
forward primer, 5’-GGCGCTCTCACACAGAAATC-3’;
miR-342-3p reversed primer, 5’-CAGTGCAGGGTCC
GAGGTAT-3’; miR-150-5p forward primer, 5’-GAGCG
TCTCCCAACCCTTG-3’; miR-150-5p reversed primer, 5’-
CAGTGCAGGGTCCGAGGTAT-3’; RNU6B forward
primer, 5’-CAAATTCGTGAAGCGTTCCATA-3’; RNU6B
reversed primer, 5’-AGTGCAGGGTCCGAGGTATTC-3’.
The miRNA expression levels of each sample were
normalized to the internal control (RNU6B), and expressed
according to the comparative threshold (Ct) cycle method
(2��Ct). Between group differences were assessed using
either paired Student’s t-test or Mann-Whitney test where
appropriate.

Bioinformatics analysis

Bioinformatics analyses were performed on the qRT-PCR
validated DEMs to predict their underlying mechanisms
in metastasis. The analytical strategy was as follows: (1)
miRNA target prediction; (2) Kyoto Encyclopedia of
Genes and Genomes (KEGG, http://www.genome.jp/
kegg/pathway.html) pathway26 enrichment analysis of
the target genes; (3) TF identification; (4) construction of
the miRNA-TF-mRNA network, in which the interactions
between miRNA and its target genes, between TF and its
target gene, and between encoding genes (based on the pro-
tein–protein interaction) were identified; (5) extraction of
the miRNA-TF-mRNA sub-network including only the
relationships between miRNA-targets and TF-targets; and
(6) construction of the lncRNA-miRNA-mRNA network.

In detail, target genes were predicted using TargetScan
(version release 6.2, http://www.targetscan.org)27 target

prediction programs. KEGG pathway enrichment analysis
was conducted using the Database for Annotation,
Visualization and Integrated Discovery (DAVID, http://
david.abcc.Ncifcrf.gov/)28 with a significance threshold of
P< 0.05 for all terms. All target genes were mapped onto
the TF (TRANSFAC)29,30 and Encyclopedia of DNA elem-
ents (ENCODE) databases to screen the potential TFs.
Interactions between the protein products of the target
genes were determined using the Search Tool for the
Retrieval of Interacting Genes (STRING) database,31

where a combined score >0.9 was set as the criterion.
Interactions between lncRNA and miRNA, and lncRNA
and mRNA were determined using starBase v2.0 (http://
starbase.sysu.edu.cn/) where the number of supporting
experiments �2 was set as threshold.

Results
DEMs linked to metastatic lung adenocarcinoma

Transcriptional expression levels of 1570 miRNAs were
analyzed in 10 paired samples of lymph node metastasis
in primary lung adenocarcinoma, as well as in the adjacent
normal lung tissues using microarray technology. As shown
in Table 1, eight up-regulated and seven down-regulated
miRNAs were identified in metastatic tissues compared
with the non-tumorigenic tissues. Among them, the expres-
sions levels of six and four miRNAs were increased and
decreased, respectively, in metastatic tissues compared
with primary tumor tissues.

To screen the miRNAs that were most specifically linked
to metastasis, the top 3 DEMs (miR-146a-5p, miR-342-3p
and miR-150-5p) were selected for validation in an add-
itional 40 lung adenocarcinoma cases by qRT-PCR.
Consistent with the microarray analysis results, the

Table 1 Lymph node metastatic lung adenocarcinoma associated miRNAs which were identified by microarray analysis

Metastatic tissues vs. carcinoma adjacent tissues Metastatic tissues vs. primary tumor tissues

FC log2FC P FC log2FC P

miR-146a-5p 8.47 3.08 1.37E� 06 4.28 2.10 5.29E� 04

miR-342-3p 3.07 1.62 3.79E� 05 2.85 1.51 3.29E� 04

miR-150-5p 6.87 2.78 6.15E� 05 7.95 2.99 9.65E� 05

miR-30a-5p 0.39 �1.35 1.77E� 04 0.48 �1.06 1.76E� 03

miR-125a-5p 0.49 �1.03 7.24E� 04 0.55 �0.86 2.43E� 04

let-7g-5p 1.69 0.76 5.31E� 03 2.74 1.45 2.54E� 03

miR-126-3p 0.57 �0.81 6.45E� 03

miR-146b-5p 1.99 0.99 7.04E� 03

miR-29a-3p 1.96 0.97 8.34E� 03 1.71 0.77 4.70E� 03

let-7c-5p 0.71 �0.50 1.02E� 02

miR-16-5p 1.48 0.57 1.33E� 02 1.41 0.50 1.61E� 02

miR-30b-5p 0.52 �0.94 2.62E� 02 0.45 �1.14 2.72E� 02

miR-23b-3p 0.72 �0.48 2.76E� 02 0.77 �0.38 3.87E� 02

miR-125b-5p 0.49 �1.04 3.71E� 02

miR-21-5p 3.48 1.80 4.22E� 02

Differently expressed miRNAs (DEMs) between metastatic and carcinoma adjacent tissue tissues and DEMs between metastatic and primary tumor

tissues were screened in 10 lung adenocarcinoma patients with lymph node metastasis by microarray analysis.
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expression levels of miR-146a-5p, miR-342-3p, and miR-
150-5p were significantly higher in metastatic tissues than
those found in the primary tumor tissues (P< 0.01)
(Table 2).

Target genes for the metastasis-related miRNAs and
enrichement analyses

Totally, miR-146a-5p, miR-342-3p, and miR-150-5p were
predicted to be targeted by 225, 284, and 282 genes, respect-
ively. These target genes were found to be enriched in dif-
ferent sets of KEGG pathways associated with cancer
(Figure 1), indicating their distinct functions. miR-146a-5p
target genes were found to be involved in seven pathways
including the neurotrophin signaling pathway, adherens
junction, regulation of autophagy, and notch signaling path-
ways. Target genes for miR-342-3p were enriched in 13
pathways such as ECM-receptor interaction, focal adhesion,
endocytosis, TGF-beta signaling, mechanistic target of rapa-
mycin (mTOR) signaling, and calcium signaling pathways,
while miR-150-5p was found to be associated with 23 KEGG

Figure 1 Enriched KEGG pathways of the target genes for miR-146a-5p, miR-150-5p and miR-342-3p. Red represents the significantly enriched pathway of the

target genes, while black represents the pathway not enriched by the target genes. (A color version of this figure is available in the online journal.)

Table 2 Metastatic lung adenocarcinoma associated miRNAs which

were validated by qRT-PCR

Primary tumor

tissues

Metastatic

tissues P

miR-146a-5p 0.54�0.34 1.22�0.59 6.59E� 05

miR-342-3p 6.34�4.95 12.78�5.37 5.14E� 05

miR-150-5p 13.44�11.29 29.60�19.69 2.89E� 03

The top 3 differently expressed miRNAs between metastatic and primary tissue

were validated in a new cohort of 40 lung adenocarcinoma cases.
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pathways including the Wnt signaling pathway, cell adhe-
sion molecules, and Toll-like receptor signaling pathway.

Interaction network of miRNAs, TFs, and mRNAs

The miRNA-TF-mRNA network involving three miRNAs,
166 mRNAs, and 14 TFs was constructed (Figure 2). A total
of 214 pairs of interactions were identified within this net-
work. Among the genes in the network, TP53 (tumor pro-
tein p53, degree¼ 23), SMAD4 (SMAD family member 4,
degree¼ 14), VEGFA (vascular endothelial growth factor
A, degree¼ 12), CBL (Cbl proto-oncogene, E3 ubiquitin pro-
tein ligase, degree¼ 11), and EP300 (E1A Binding Protein
P300, degree¼ 10) were the top five genes with the highest
degrees of interaction in this network, which may have sig-
nificant roles in tumor metastasis. To further screen the
genes most correlated with the three miRNAs and 14 TFs,
we extracted a sub-network, in which only interactions of
miRNA–mRNA and TF–mRNA were included (Figure 3).
Similarly, VEGFA mRNA and TFs including TP53, SMAD4,
and EP300 were highly correlated within this sub-network.
Additionally, correlations between miR-146a-5p and
SMAD4, miRNA-342-3p and EP300, miRNA-342-3p and

VEGFA, and miRNA-150-5p and EP300 were found in this
sub-network.

Interaction network of lncRNA, miRNA, and mRNA

The lncRNA, miRNA, and mRNA interaction network con-
sisted of 11 pairs of lncRNA–miRNA interactions, nine
pairs of miRNA–mRNA interactions, and 65 pairs of
lncRNA–mRNA interactions (Figure 4). In addition to the
well-recognized MALAT1, 49 lncRNAs were shown within
the network. Additionally, five genes (CBL, MYB, SMAD4,
EP300 and BTRC) were found to interact with both
lncRNAs and miRNAs. Combined with the miRNA-TF-
mRNA network results, several interactions of lncRNA,
miRNA, and mRNA were highlighted, including
SNHG16–miR-146a-5p–SMAD4, RP6-24A23.7–miR-342-
3p–EP300, and RP6-24A23.7–miR-150-5p–EP300.

Discussion

In the current report, we identified and validated three
miRNAs (miR-146a-5p, miR-342-3p and miR-150-5p) as
lymph node metastasis-related miRNAs in pulmonary
adenocarcinoma. Subsequently, the mechanisms of miRNA

Figure 2 miRNA-TF-target network associated with lung adenocarcinoma metastasis. The interaction network where in miRNAs are represented as purple triangle

nodes, transcription factors (TFs) are represented as green diamond nodes and targets of miRNAs or TFs represented as red circle nodes. (A color version of this figure

is available in the online journal.)
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dysfunction regulated by miRNA-TF-mRNA and lncRNA-
miRNA-mRNA were revealed. The miRNA-TF-mRNA net-
work demonstrated correlations between miR-146a-5p and
SMAD4, miRNA-342-3p and EP300, miRNA-342-3p and
VEGFA, and miRNA-150-5p and EP300, while the lncRNA-
miRNA-mRNA network revealed the interactions of
SNHG16–miR-146a-5p–SMAD4 and RP6-24A23.7–miR-342-
3p/miR-150-5p–EP300, indicating their significance in
lymph node metastasis.

Several studies have investigated the functions of miR-
146a/miR-146a-5p, miR-342/miR-342-3p, and miR-150/
miR-150-5p in tumor invasion and metastasis; however,
their roles vary in different tumor types. It has been
reported that the expression of miR-146a in breast and gas-
tric cancer cell lines inhibits cell invasion in vitro and results
in suppressed distant metastasis in mice,32,33 implying an
inhibitory effect of miR-146a/miR-146a-5p on tumor metas-
tasis. On the other hand, miR-146a-5p was up-regulated in
osteosarcoma cell lines with excellent invasive ability,
demonstrating that it may also have a role in the process
of metastasis.34 It has been found that the overexpression of
miR-342/miR-342-3p in cervical, colorectal and NSCLC

cancer cell lines35–37 and miR-150/miR-150-5p in colorectal
cancer, pancreatic cancer, and cutaneous T-cell lymphoma
cell lines,38–40 could attenuate cell invasion in vitro.
Nevertheless, when the levels of miRNAs in paired primary
tumors and metastatic lymph nodes were compared,
increases of miR-146a and miR-342-3p expression levels in
metastatic bladder cancer, as well as increased miR-150
expression in metastatic bladder and breast cancers were
detected.41 Similarly, our findings revealed higher levels
of miR-146a-5p, miR-342-3p, and miR-150-5p in metastatic
tissues vs. non-metastatic tumor tissues, indicating that
these miRNAs might also promote lymph node metastasis
in lung adenocarcinoma.

SMAD4, a gene that encodes a member of the SMAD
protein family, was predicted to be a target gene of miR-
146a-5p. It has been found that low levels of SMAD4 can
reflect lymph node metastasis in several cancers, such as
esophagus and lung squamous cell carcinomas, pancreatic,
and colorectal cancers.42–45 Using immunohistochemical
methods, Bian et al. found that TP53 mutant expression
correlated with pathological stage and tumor size, and
decreased SMAD4 expression correlated with tumor size,

Figure 3 miRNA-TF-target sub-network. The sub-network only included interactions between miRNAs and transcription factors (TFs) and their associated target

genes. Purple triangle nodes represent miRNAs, green diamond nodes represent TFs and red circle nodes represent their target genes. (A color version of this figure is

available in the online journal.)
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pathological stage, lymph node metastasis, and tumor dif-
ferentiation in patients with lung adenocarcinoma.46 SMAD
family proteins are signal transducers that mediate TGF-b
signaling.47 Enhanced TGF-b signaling is involved in the
induction of the EMT process, which could lead to tumor
invasion and metastasis.48 A recent study reported that via
the SMAD pathway, TGF-b may also induce the expression
of DOCK4, promoting the lung adenocarcinoma cell
extravasation and metastasis without affecting EMT.49

Combined, these results suggest that miR-146a-5p partici-
pates in lymph node metastasis by affecting the TGF-b/
Smad signaling pathway, and involving both EMT depend-
ent and independent processes. Furthermore, interactions
between SNHG16 (Ensemble cytogenetic band: 17q25.1),
miR-146a-5p, and SMAD4 were predicted by the network
analysis. Zhu et al. demonstrated that SNHG16 was posi-
tively correlated with bladder cancer invasion50; however,
there have been no reports elucidating the underlying
molecular mechanisms involved. Based on our findings,
we speculate that, in patients with lung adenocarcinoma,
SNHG16 might also function as a metastatic suppressor by

competitively binding to miR-146a-5p and thereby impair
its regulatory effect on SMAD4. To determine the exact
mechanisms of miR-146a-5p would require further investi-
gation both in vitro and in vivo.

The bioinformatic analyses reported in this study
revealed that EP300 targeting miRNAs (including miR-
342-3p and miR-150-5p) were found to be up-regulated
potentially contributing to the occurrence of lymph node
metastasis. EP300 acetylase, which regulates the transcrip-
tion of its target genes via chromatin remodeling, is well
recognized as a modulator of cell growth and division in
tumors.51 Using qRT-PCR and Western blot analyses, Mees
et al. detected decreases in EP300 mRNA and protein
expression in highly metastatic cell lines of ductal adeno-
carcinomas of the pancreas, and demonstrate that EP300
may act as a distant liver and lymph node metastasis sup-
pressor.52 However, its role in lung adenocarcinoma is
uncertain. The miRNA-TF-mRNA network analysis
demonstrated that EP300 interacts with VEGFA and SP1.
VEGFA is a member of the VEGF family, which is respon-
sible for the spread of cancer cells via lymphatic vessels.

Figure 4 Interaction network of lncRNA, miRNA and mRNA. The interaction network wherein miRNAs are represented as purple triangle nodes, lncRNAs are

represented as yellow hexagon nodes and mRNAs represented as red circle nodes. (A color version of this figure is available in the online journal.)
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Niki et al. reported that VEGFA was essential for the growth
of metastatic tumors via vasculogenesis and angiogenesis
and was not involved in the metastasis of pulmonary
adenocarcinoma cells into lymph vasculature.53 Another
study showed that exogenous treatment with VEGFA
potentiated the migration and invasion abilities of lung
adenocarcinoma cell line via FLJ10540.54 Whether EP300–
VEGFA is involved in miR-342-3p and miR-150-5p induced
lymphatic metastasis requires further investigation. SP1 is
also an invasion and metastasis-related gene found in many
cancers such as breast and gastric cancers55,56; however, its
involvement in the lymphatic metastasis of lung adenocar-
cinoma and its interactions with miR-342-3p/miR-150-5p
and EP300 are unknown. RP6-24A23.7 was predicted to
be a ceRNA of miR-342-3p and miR-150-5p in the regulation
of EP300. Functional analysis of RP6-24A23.7 in tumor
metastasis, however, has not yet been conducted.

Based on miRNA microarray profiling and bioinformatic
analysis, various hypotheses regarding the mechanisms of
lymphatic metastasis-related miRNAs have been proposed.
The limitation of the present study was the lack of experi-
mental evidence to either prove or disprove these hypoth-
eses. Detection of expression alterations in larger sample
sizes of clinical tissues, invasion and motility assays
in vitro, luciferase assays to investigate the interactions,
tumor growth and metastasis evaluation and determination
of expression levels of the possible involved genes in vivo by
up- or down-regulating miRNAs/lncRNAs, should be per-
formed in future studies.

Taken together, we performed a global miRNA expres-
sion profile to screen lymph node metastases-related
miRNAs in lung adenocarcinoma. Using qRT-PCR, we
found that three miRNAs (miR-146a-5p, miR-342-3p and
miR-150-5p) were positively correlated with metastasis.
Furthermore, miR-146a-5p may be involved in lymph
node metastasis by affecting the TGF-b/Smad signaling
pathway. SNHG16 might function as a metastatic suppres-
sor by competitively binding to miR-146a-5p. In addition,
miR-342-3p and miR-150-5p may have a common mechan-
ism mediated by EP300; RP6-24A23.7 may act as the
ceRNA. However, these hypotheses need to be tested both
in vitro and in vivo. Identification of metastatic miRNAs
provides new insights into the molecular mechanisms of
lung adenocarcinoma metastasis. The miRNAs may serve
as the ideal diagnostic and therapeutic biomarkers.
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