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Abstract: Distant metastasis is one of the most common causes for failure in treatment of advanced NSCLC, and it 
is a key factor to determine the patients’ prognosis. This study aims to screen the microRNAs associated with non-
small cell lung cancer metastasis, so as to provide theoretical basis for investigating their roles in non-small cell 
lung cancer metastasis. In this study, the fluorescent transfected human non-small cell lung cancer cell lines H460 
developed tumors subcutaneously, which were then in situ transplanted into the left lung of nude mice to obtain 
the tissue specimens of primary tumor and metastatic tumor. The differentially expressed microRNAs associated 
with non-small cell lung cancer metastasis were identified using the microRNA microarray and real-time quantita-
tive polymerase chain reaction (RT-PCR) analysis, and bioinformatics analysis of the microRNAs was performed. The 
microarray analysis results revealed that 17 microRNAs with up-regulated expression and 7 with down-regulated ex-
pression between the non-small cell lung cancer metastatic primary loci and the non-metastatic primary loci (Group 
A), while 20 microRNAs with up-regulated expression (ratio > 1.5 times, P < 0.05) and 16 with down-regulated 
expression (ratio < 0.65 times, P < 0.05) between the non-small cell lung cancer metastatic loci and the metastatic 
primary loci (Group B). RT-PCR validation and bioinformatics analysis of some microRNAs identified 2 microRNAs 
with up-regulated expression, miR-10b and miR-144, and 3 microRNAs with down-regulated expression, miR-9, 
miR-31 and miR-34b in Group A; and 4 microRNAs with down-regulated expression, miR-25, miR-92a, miR-202 and 
miR-326 in Group B, which may be mediated by transcription factors activator protein 1 (AP-1), p53, STATs and NF-
κB, regulate cell development, proliferation and cycle, DNA and RNA metabolism and signal transduction pathway, 
and promote tumor growth and metastasis through the effects on target genes like RARβ, RASSF1 and E2F-1. In 
conclusion, there are differences in microRNA expression between the non-small cell lung cancer metastatic and 
non-metastatic tissues, which provides experimental basis for exploring the mechanism of non-small cell lung can-
cer metastasis and provides a potential idea for molecular diagnosis and treatment, as well as prognosis.
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Introduction 

The incidence of lung cancer ranks second 
among malignant tumors worldwide, but it is 
the leading cause responsible for death of 
malignant tumors. Non-small cell lung cancer 
(NSCLC) is the most common, accounting for 
about 80% of all lung cancer. The disease has a 
low rate of early diagnosis, and local and dis-
tant metastases are detected in 75% of the 
cases while clinically diagnosed. Lymph node 
metastasis is an important prediction index for 
clinical staging and prognosis assessment, 
which suggests high tumor malignancy and 
poor prognosis [1, 2]. Mountain and Dresler [2] 

investigated the relationship between lymph 

node metastasis and post-surgical survival, 
and revealed that lymph node metastasis indi-
cated high tumor malignancy and poor progno-
sis, the patients usually did not die of primary 
loci-induced symptoms, but die of the related 
complications caused by metastatic loci, such 
as brain metastasis, the compression and 
infringement of mediastinal lymph node metas-
tasis on adjacent organs, or the malignant pleu-
ral effusion caused by pleural metastasis. 
Currently, a great deal of advances has been 
achieved in molecular pathogenesis of NSCLC. 
However, only 1/8 of the patients are cured at 
an early stage, while other cases fail to be cured 
due to distant metastasis [3]. Distant metasta-
sis is one of the most common causes for fail-

http://www.ajcr.us


Non-small cell lung cancer metastasis prediction

33 Am J Cancer Res 2015;5(1):32-51

ure in treatment of advanced NSCLC, and it is a 
key factor to determine the patients’ prognosis. 
It is therefore, of great importance to explore 
the mechanism of NSCLC metastasis and the 
strategy to block the metastasis of the disea- 
se. 

Multiple mechanisms are involved in tumor 
metastasis, which is an indicator for tumor 
malignancy. Tumor cells firstly bind with extra-
cellular matrix adhesion protein. Subsequently, 
secreted proteases hydrolyze the matrix and 
migrate from the primary loci. Some cancer 
cells penetrate the endothelial basement mem-
brane into the lymphatic vessels and blood ves-
sels, migrate to new organs via the circulation, 
attach to vascular endothelial cells and stick 
out to form metastatic loci. Many mechanisms 
including factors-promoting mechanism, signal 
pathway mechanism, adhesion mechanism, 
extracellular matrix degradation mechanism, 
metastatic gene regulation mechanism, are 
involved in the process of metastasis. Target of 
tumor metastasis is the current research focus. 
With the deepening of research in microRNA 
(miRNA), it is indicated that post-transcriptional 
regulation is widely present in organisms. miR-
NAs are single-strand small-molecule RNAs 
with 21-24 nucleotides, which are involved in 
cell proliferation, differentiation, apoptosis, 
embryo development, morphogenesis and dis-
ease occurrence during the process of cell 
growth and development. It is estimated that 
about 1/3 of human genes are mediated by 
miRNAs, which negatively regulate gene expres-
sion by interfering with mRNA translation [4]. 
Each miRNA has many target genes, while sev-
eral miRNAs may regulate the same gene. 
About 50% of the identified miRNAs are located 
at tumor-associated fragile sites in a genome 
[5]. Some miRNAs can function as oncogenes 
like miR-21, miR-155 and miR-17-92 gene clus-
ter, and tumor suppressors such as miR-
125b-1, miR-15a, miR-16-1, miR-143 and miR-
145 [6]. During different stages of NSCLC 
occurrence and development, whether the 
invasion and metastasis of the disease is medi-
ated by miRNAs remains unknown. It is ass- 
umed that the differentially expressed miRNAs 
between the metastatic primary loci and non-
metastatic primary loci suggest the regulation 
of the beginning of metastasis, and the differ-
entially expressed miRNAs between the meta-
static loci and metastatic primary loci indicate 
the regulation of the metastasis. 

To obtain the specimens of metastatic foci is 
critical to investigate the role of lung cancer 
metastasis-related miRNAs. Given that surgery 
is not recommended for the traditional stage 
IIIB-IV patients with NSCLC classified according 
to the taxonomy of cancer staging (TNM) sys-
tem, it is difficult to obtain the specimens of 
metastatic foci. Although the NSCLC cases with 
stage earlier than IIIA are able to undergo sur-
gery, the need of standard pathological exami-
nations in clinical practices greatly limits the 
collection of the specimen of metastatic lymph 
node used for laboratory experiments, leading 
to the entry of previous studies with aim to 
explore the mechanism of lung cancer metas-
tasis into a bottleneck. Therefore, the present 
study established animal models to obtain the 
specimen of lung cancer metastasis. Animal 
model is an important approach to conduct 
tumor study. Previously, nude mouse models of 
subcutaneous transplantation of lung cancer 
have been widely used, however, distant metas-
tasis is rarely observed in this model. Since 
1990s, the orthotopic implantation nude mou- 
se models of human tumors have been sequen-
tially established, which present the growth 
and metastasis similar to the clinical character-
istics of human tumors. Replication of animal 
models of human tumors is able to study the in 
vivo tumor occurrence and development, which 
provides experimental basis for demonstrating 
the mechanism of tumor metastasis. The devel-
opment of molecular imaging makes the real-
time non-invasive in-vivo imaging of small ani-
mal tumor models possible [7, 8]. Optical 
imaging, due to non-ionizing low-energy radia-
tion, high sensitivity, no need of radioactive 
reagent and low cost of the imaging system, is 
particularly suitable for the research of small 
animal tumors. Green fluorescent protein (GFP), 
as a new generation of reporter gene, has been 
widely applied in the biomedical sciences. GFP-
based in vivo fluorescence imaging can be 
used to reveal the cellular and molecular mech-
anisms of tumor occurrence and development. 
Yang et al. [9, 10] employed whole-body optical 
imaging system for real-time, non-invasive fluo-
rescence imaging of GFP-expressing tumors, 
and recording the process of tumor metastasis. 
The whole-body optical imaging system is exter-
nal and noninvasive, and it is very sensitive and 
rapid for detection of soft organs and bone 
metastatic cancer [9]. Currently, GFP-expre- 
ssing tumors of the lung, prostate, melanoma, 
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colon, pancreas, breast, ovary, brain, and other 
organs have also been visualized externally by 
use of quantitative transcutaneous whole-body 
fluorescence imaging [11], and metastatic mou- 
se model has been established (Anti-cancer 
Inc., http://www.metamouse.com/). Currently, 
the studies regarding metastatic mouse model 
mainly focus on tumor growth, there are few lit-
eratures regarding the tumor metastasis, and 
there are few studies reporting the NSCLC 
metastasis-related miRNAs using metastatic 
mouse models. 

The present study used nude mice and large 
cell lung cancer cell lines H460 to establish 
orthotopic implantation animal models of lung 
cancer [12], to stimulate the process of natural 
occurrence of NSCLC and obtain specimens for 
miRNA microarray analysis, with aim to identify 
some metastasis-related miRNA markers, so 
as to investigate the possible mechanisms 
preliminarily.

Materials and methods

Animals

Forty-six 4-6 weeks aged nude mice of the 
BALB/c strain (23 males and 23 females), each 
weighing 18-22 g, were purchased from the 
Nanjing General Hospital of Nanjing Military 
Command (Nanjing, China; Certificate No. 
SCXK-(Jun) 2007-012). All nude mice were 
raised and all experiments were conducted 
under SPF-level barrier system. 

Tumor cell line

The frozen NCI-H460 cells were obtained from 
the American Type Culture Collection (ATCC 
number: HTB-177TM), which were K-ras mutant 
and p53 wild human large cell lung cancer cell 
lines. The cells were cultured in RPMI-1640 
(containing 10% fetal calf serum, 100 U/ml 
penicillin sodium and 100 μg/ml streptomycin) 
containing 10% fetal bovine serum at 37°C in 
an absolute humidity environment containing 
5% CO2. 

GFP retroviral expression vector and transfec-
tion of tumor cells

At 24 h before transfection, the cell culture 
solution for H460 cells was changed (cell den-
sity of 20%-40%). The packaging cell line 
RetroPackTM PT67 (Clontech Laboratories Inc., 

USA) containing pLPCX-GFP retroviral expres-
sion vector was cultured in RPMI-1640 medi-
um. At 24 h before transfection, the culture 
solution for PT67 cells was changed. When the 
density of PT67 packaging cells reached 80%-
90%, cells were centrifuged, and the superna-
tant containing pLPCX-GFP vector was isolated, 
which was then filtrated through the nitrocellu-
lose (NC) membrane with a mesh size of 0.45 
µm to remove the bacteria. 100 μl of the super-
natant (containing about 5 × 106 pLPCX-GFP) 
was added into the tumor cell culture plates 
(containing about 105-106 cells), and the tumor 
cells were transfected at at 37°C under a con-
dition containing 5% CO2. After 24 h of transfec-
tion, the culture solution was changed, and 
transfection was performed 3 times within 72 h 
to increase the transfection efficiency and 
copy. The transfection efficiency was observed 
under a fluorescence microscope. After 72 h of 
transfection, cells were harvested and trans-
ferred to the selective medium containing 200 
μg/ml G418 (Gibco, USA), and the concentra-
tion of G418 gradually increased to 2000 μg/
ml. The high-level GFP-expressing cells were 
screened in the 96-well plates, and the 
screened clones were mixed, and cultured in 
media without G418. The monoclonal screen-
ing of high-level GFP-expressing cells (H460-
GFP) was done in G418 for 10 passages to 
ensure the stable expression of fluorescent 
protein.

Subcutaneous implantation of lung cancer 
cells on nude mice

About 1 × 106 H460-GFP cells were injected 
subcutaneously into the right side of the back 
of 2 nude mice. The post-seeding growth time 
was about 30-40 days. Many pre-tests for 
detection of cell cycle, fluorescence distribu-
tion curve and fluorescence rate by flow cytom-
etry revealed that, when the diameter of the 
subcutaneous tumor of H460-GFP cells devel-
oped to 5-10 mm, cells grew well, almost during 
the logarithmic growth phase, and the fluores-
cence intensity became remarkably high, which 
were suitable for transplantation. 

Orthotopic implantation of tumor tissues

The subcutaneous tumor was divided into tis-
sue fragments measuring 1.0 mm × 1.0 mm × 
1.0 mm in culture solutions, which were used 
as transplantation materials. The nude mice 
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were anesthetized with 2.5% isoflurane, and 
the anesthesia was sustained using 1.5% iso-
flurane. Transverse incisions of about 1 cm long 
were cut on the left chest between the fourth 
and fifth rib of the nude mice using surgical 
scissors under a surgical operating microscope 
at a magnification of 8x. The muscle between 
the fourth and fifth rib was cut, crossing the 
parietal pleura, and the lung tissues were 
exposed. Two H460-GFP tumor tissues were 
seamed on the surface of the lower lobe of the 
left lung tissue using the surgery sutures 8-0. 
In order to prevent the direct contact of the 
transplanted tissues with the thoracic cavity of 
nude mice, the surface of the lower lobe of the 
left lung was covered with the upper or middle 
lobe of the left lung. Finally, the thoracic cavity 
was closed using the surgery sutures 5-0. The 
entire open thoracotomy was not less than 1 
min, and strictly followed aseptic principles.

Observation on animal experiment and collec-
tion of specimen

The survival and tumor growth of nude mice 
was observed every other day. In-vivo fluores-
cence imaging system is consisted of a stereo 
microscope (ZOOM645S, Jiangnan Yucheng 
Optical Instrument Co., Ltd, China) installed 
with 510-540 nm emission filters, charge-cou-
pled device (CCD, Retiga Exi cooled Digital 
Color, QIMAGING, USA) and fluorescence exci-
tation apparatus (LG-150-A, Nanjing Chaoteng 
Sci-Tech Development Co., Ltd, China) installed 
with 470-490 nm excitation filters. The imaging 
analysis software was the Image-Pro supplied 
by the MediaCybernetics Company (USA). The 
longitudinal diameter and transverse diameter 
of the primary tumor on the nude mice were 
measured under a fluorescence imaging sys-
tem, and the tumor volume was calculated 
using the software Image-Pro, and the picture 
of tumor was photographed at a resolution of 
1392 × 1040 pixels.

Plenty of pre-tests showed the occurrence of 
metastasis when the volume of the transplant-
ed tumor on the thoracic cavity of nude mice 
grew to 150-200 mm3, and the incidence of 
metastasis was about 70% when the tumor vol-
ume reached more than 1000 mm3. The pri-
mary transplanted lesions were observed using 
the in-vivo fluorescence imaging system, and 
the size was measured every other day. The 
nude mice with extreme emaciation and poor 
activity were first sacrificed. According to the 

present study design, metastasis was detected 
in about half of the sacrificed nude mice. 
Therefore, in the present study, the nude mice 
were sacrificed at 2 weeks after orthotopic 
implantation, when the size of the primary 
transplanted tumor was about 200 mm3, and 
most of the specimens collected were non-met-
astatic, and then a batch of nude mice were 
sacrificed every other week. On day 30 after 
orthotopic implantation, most of the left nude 
mice became remarkably emaciated, with sig-
nificant reduction in activity, and outward 
expansion of the tumor mass on the left chest 
wall was observed by nude eyes, most of the 
tumors measured more than 1000 mm3, and 
metastasis was detected in most of the dead 
mice. The thoracic cavity was opened, postmor-
tem examination was performed, and the trans-
planted tumor on the left lung was recorded 
under the fluorescence imaging system, and 
the size and metastases of the contralateral 
lung, lymph node, liver, kidney, brain and bone 
of the primary tumor were observed. The pri-
mary and metastatic lesions of the tumors 
were quickly cut, and stored in liquid nitrogen at 
-196°C, 2-3 h later, they were stored at -80°C. 
Somo lesions were fixed in 4% formaldehyde.

Pathological examination

The lesion specimens were embedded in paraf-
fin wax, cut into sections and stained with 
hematoxylin and eosin (HE) in the Department 
of Pathology of Jiangsu Provincial People’s 
Hospital, and then the specimens were 
observed under a microscope, which was com-
pared with the results revealed by the fluores-
cence imaging system.

RNA extraction

Four pairs of nude mice specimens with and 
without metastases (if the same nude mice 
had multiple metastases, all metastatic foci 
were considered as a specimen) were sampled 
from the aforementioned frozen tissues, includ-
ing 4 primary lesions on non-metastatic nude 
mice, and 4 primary and metastatic lesions on 
metastatic nude mice. The frozen specimen 
were crashed, and then added with Trizol 
reagent (Invitrogen). After homogenating, RNA 
was extracted.

Assessment of RNA quality

The ratios of the absorbance at 260 nm (A260) 
to the absorbance at 260 nm (A280) of the RNA 
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solution were between 1.9 and 2.1, indicating 
no protein pollution. Two clear bands of 28S 
and 18S of total RNA were observed under the 
ultraviolet light following 0.75% formaldehyde 
denaturing agarose gel electrophoresis, sug-
gesting no RNA degradation and DNA pollu- 
tion.

Microarray hybridization

The miRCURY LNATM (Locked Nucleic Acid) mi- 
croRNA version 11.0 microarray (Exiqon, Den- 
mark, http://www.exiqon.com/microrna-micro-
array-analysis) covered all miRNAs of humans, 
mice and rats in the miRBase 10.0 database 
(http://www.mirbase.org). Another 140 miR-
PlusTM probes were increased besides the miR-
Base database in the Exiqon microarray, and 
the number of probes reached 1300. The cap-
ture probes based on locked nucleic acid (LNA) 
technology were used, and each probe was 
repeated 4 times in the microarray, and the 
control probes included 12 small nuclear RNAs 
positive controls, 8 negative controls and 10 
spike-in controls. miRNAs were labelled with 
Hy3TM or Hy5TM fluorescent groups using the 
miRCURYTM Array Power Labelling reagent kit to 
form fluorescent probes. A total of 13 microar-
rays were prepared for 12 specimens and their 
mixture, and the probes labelled with PhalanxTM 
heat shrinkable hybrid bags and the microar-
rays were hybridized under standard condi- 
tions.

Image collection and data analysis

The fluorescence intensity on the microarray 
was scanned using the Axon GenePix 4000B 
microarray scanner, and the original data were 
analyzed using the software GenePix pro ver-
sion 6.0.

Screening of differentially expressed miRNAs

The background was removed from the signal 
value, and lowess and scale normalization was 
done. The ratio between groups > 1.5 times or 
< 0.65 times, and a P value < 0.05 revealed by 
t test indicated the miRNAs were differentially 
expressed. The ratio > 1.5 times was defined 
as up-regulation, while the ratio < 0.65 times 
was defined as down-regulation.

Bioinformatics analysis

The citation literatures were searched in NCBI-
PubMed (http://www.ncbi.nlm.nih.gov/PubMe- 
d) using “non-small cell lung cancer” and 

“metastasis” as keywords. Based on over 5000 
literatures, in combination with the recent stud-
ies regarding the mechanisms of NSCLC metas-
tasis mediated by miRNAs, bioinformatics anal-
ysis of the differentially expressed miRNAs was 
performed.

Hierarchical clustering analysis

The expression values of the differentially 
expressed miRNAs were logarithm trans-
formed, which were input into the hierarchical 
clustering algorithm. The distance chose 
“Pearson Correlation”, and the linkage selected 
“average” [13].

Prediction of target genes

The following common softwares were used for 
prediction of the target genes, and the result 
was obtained from the intersection [14-16]. 
PicTar 2005: http://pictar.mdc-berlin.de/cgi-
bin/PicTar_vertebrate.cgi; miRanda V5: http://
www.ebi.ac.uk/enright-srv/microcosm/htdocs/
targets/v5/; TargetScan 5.1: http://www.tar-
getscan.org/.

Gene ontology (GO) analysis of target genes

The GO database included three aspects of 
function information regarding the biological 
process with gene involvement, the position in 
cells and the molecular function, and the func-
tion concepts were organized to the directed 
acyclic graph (DAG) structure. In the gene 
expression profiling, GO was usually used for 
providing the background knowledge regarding 
gene function classification tags and gene 
function study. The two target gene clusters 
with up- and down-regulated expression were 
projected into various nodes in the GO data-
base, and the gene number in each node was 
calculated. The GSEABase soft package in the 
R statistical program (http://www.r-project.
org/) was used.

Pathway analysis of target genes

The target genes were projected into the KEGG 
pathway database using the software GenMAPP 
version 2.1, and the enrichment P-values of 
genes were calculated in each pathway. 

Analysis of transcription factor binding sites

The 2500 bp upstream and 500 bp down-
stream of the transcriptional initiation site of all 
differentially expressed miRNAs were extract-
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Table 1. Growth and metastasis of the transplanted primary H460-GFP cells at different time after injection
Day after  
transplantation 
(d)

No. of 
nude mice 
sacrificed

No. of nude 
mice with 

natural death

Volume of primary 
tumor (Mean ± SD, 

mm3) 

No. of mice with 
mediastinal lymph 
node metastasis

No. of mice with 
right hilar lymph 
node metastasis

No. of mice 
with right lung 

metastasis

No. of mice with 
transverse septum 

metastasis

No. of mice 
with pericardial 

metastases

Total metastatic 
rate (%)*

15 8 0 218.9 ± 24.7 2 1 0 0 0 3/8

23 4 0 677.4 ± 22.3 2 0 0 0 0 2/4

30   8 2 921.1 ± 37.8 6 3 2 1 1 6/10

37 14 2 1335.7 ± 38.4 11 5 2 1 0 11/16

45 2 1 2867.5 ± 34.9 2 1 1 0 0 3/3
*Total metastatic rate (%) = No. of nude mice with metastases/No. of nude mice dissected × 100%.



Non-small cell lung cancer metastasis prediction

38 Am J Cancer Res 2015;5(1):32-51

ed. The transcription factor database TRAN- 
SFAC 7.0 public was used for analysis of initia-
tor sequences. The transcription factor binding 
sites were predicted using the program patser 
(http://ural.wustl.edu/resources.html), and the 
relative score was set as > 0.9.

Regulatory network analysis

By integrating the regulation between miRNAs 
and target genes, and the mediation of miRNAs 

by transcription factors, the regulatory network 
among miRNAs, target genes and transcription 
factors was generated using the software 
Cytoscape (http://www.cytoscape.org/).

Real-time quantitative RT-PCR validation

According to the differentially expressed miR-
NAs with ratios between groups > 1.5 times or 
< 0.65 times screened by microarrays, in com-
bination with the NSCLC metastasis regulation-

Figure 1. Nude mice with single or multiple metastatic foci under fluorescence stereo microscope and gross picture. 
A. The picture of nude mice without metastasis. The white hollow arrow shows the primary tumor on left lung, the 
blue solid indicates the normal right lung. B. The picture of nude mice with single metastatic foci. The yellow solid 
arrow shows the primary tumor on left lung, the white hollow arrow indicates the mediastinal lymph node metastatic 
foci. C. The picture of nude mice with multiple metastatic foci. The white hollow arrow shows the mediastinal lymph 
node metastatic foci, the blue solid arrow indicates the right hilar lymph node metastatic foci, and the white solid 
arrow indicates the metastatic foci on right lung.
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related target genes and miRNAs revealed by 
bioinformatics analysis, some miRNAs were 
selected for real-time quantitative RT-PCR vali-
dation. RNA was extracted using the Trizol 
reagent kit, and reverse transcription reaction 
was performed for synthesis of cDNA on a PCR 
amplifier. Relative quantitative PCR detection 
was performed using the Sybergreen (Invi- 
trogen) dye method on the ABI Prism 7900 
Sequence Detection System. U6 was used as 
internal reference, each reaction was repeated 
3 times, and the cycle threshold (Ct value) was 
expressed by the mean value. The PCR reaction 
condition was at 95°C for 5 min, with 40 cycles. 
Data were analyzed using the 2-ΔΔCt method.

Statistical analysis

The volumes of primary transplanted tumors 
were calculated in Table 1. All data were 
expressed as mean ± standard deviation (SD), 
and all statistical analyses were performed 

using the statistical software SPSS version 
13.0. The data analyses and statistical analy-
ses of miRNA microarray detection, bioinfor-
matics analysis and real-time quantitative 
RT-PCR validation were described as above 
mentioned. 

Results

Fluorescent transfection of H460 cells

After 24-72 h of transfection, the H460-GFP 
lung cancer cells obtained by the PT67-pLPCX-
GFP-transfected H460 cells emitted strong 
green fluorescence under blue light, and the 
positive rate of GFP expression was about 90% 
(Data not shown).

Growth and metastasis following orthotopic 
implantation on nude mice

Natural death was observed in 5 out of 46 nude 
mice prior to the sacrifice, and metastases 

Figure 2. HE staining for the mediastinal lymph node metastatic foci under a microscope. A. HE staining of sections 
of the primary foci on the left lung (×200). B. HE staining of sections of the mediastinal lymph node metastatic foci 
(×200). C. HE staining of sections of the metastatic foci on the right lung (×200). D. HE staining of sections of the 
right hilar lymph node metastatic tumor (×200).
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Table 2. miRNAs expression determined using miRNA micro-
array
microRNA name Ratio in Group A P value Regulation
hsa-miR-9 0.513703 0.002219 Down-regulation
hsa-miR-487b 0.519319 0.001241 Down-regulation
hsa-miR-302e 0.539167 0.004202 Down-regulation
hsa-miR-197 0.583689 0.005646 Down-regulation
hsa-miR-34b 0.594804 0.010702 Down-regulation
hsa-miR-31 0.619606 0.000190 Down-regulation
hsa-miR-374a 0.633897 0.045309 Down-regulation
hsa-miR-140-3p 1.551432 0.049092 Up-regulation
hsa-miR-129-5p 1.552450 0.010142 Up-regulation
hsa-miR-483-5p 1.574305 0.042309 Up-regulation
hsa-miR-296-5p 1.631601 0.025065 Up-regulation
hsa-miR-489 1.735225 0.026254 Up-regulation
hsa-miR-299-5p 1.853741 0.020911 Up-regulation
hsa-miR-127-5p 1.904299 0.009323 Up-regulation
hsa-miR-378 2.041047 0.044381 Up-regulation
hsa-miR-136 2.076979 0.029656 Up-regulation
hsa-miR-490-5p 2.366702 0.00188 Up-regulation
hsa-miR-208a 2.377387 0.008612 Up-regulation
hsa-miR-202 2.704407 0.017291 Up-regulation
hsa-miR-379 2.855973 0.032209 Up-regulation
hsa-miR-144 2.891786 0.038692 Up-regulation
hsa-miR-10b 3.215242 0.019688 Up-regulation
hsa-miR-205 3.299635 0.007460 Up-regulation
hsa-miR-451 3.391433 0.027467 Up-regulation
microRNA name Ratio in Group B P value Regulation
hsa-miR-202 0.219985 0.000215 Down-regulation
hsa-miR-296-5p 0.347058 0.000084 Down-regulation
hsa-miR-92a 0.359559 0.006977 Down-regulation
hsa-miR-326 0.373480 0.011006 Down-regulation
hsa-miR-198 0.433532 0.007426 Down-regulation
hsa-miR-489 0.459701 0.010411 Down-regulation
hsa-miR-423-5p 0.496108 0.001277 Down-regulation
hsa-miR-147b 0.498099 0.042430 Down-regulation
hsa-miR-423-3p 0.505681 0.001232 Down-regulation
hsa-miR-129-5p 0.515690 0.000107 Down-regulation
hsa-miR-483-5p 0.558565 0.018858 Down-regulation
hsa-miR-339-3p 0.565076 0.014175 Down-regulation
hsa-miR-92b 0.569215 0.030819 Down-regulation
hsa-miR-484 0.595075 0.023668 Down-regulation
hsa-miR-25 0.635789 0.017739 Down-regulation
hsa-miR-492 0.644407 0.020063 Down-regulation
hsa-let-7g 1.500944 0.002003 Up-regulation
hsa-miR-34b 1.528312 0.022985 Up-regulation
hsa-miR-494 1.535862 0.002241 Up-regulation
hsa-miR-30e 1.610943 0.041878 Up-regulation
hsa-miR-497 1.644439 0.008635 Up-regulation
hsa-let-7e 1.655107 0.005946 Up-regulation

were detected in all 5 mice by post-
mortem examination. Fluorescence 
imaging revealed local metastases 
in 3 nude mice, however, the patho-
logical examinations of tissues in 
the corresponding sites showed no 
metastasis. Postmortem examina-
tion indicated free implantation in 
thoracic cavity of 2 nude mice; the 
mice with metastasis in upper orga- 
ns of thoracic cavity were excluded. 
No metastases were detected in 16 
nude mice by postmortem examina-
tion, and the left 20 nude mice had 
metastases on different organs indi-
cated by postmortem examination, 
and their tissue specimens were col-
lected. The nude mice with metasta-
sis included multiple metastases, 
and all nude mice with metastases 
had mediastinal lymph node metas-
tases (Table 1).

Anatomy of animal models

The anatomical figures of animal 
models were shown in Figure 1. 

Pathological examination

The pathological examinations of all 
46 GFP-positive primary loci tissue 
specimens revealed low-differentia-
tion carcinoma. Except that GFP was 
positive while pathological examina-
tion detected no infiltration of tumor 
cells in the mediastinal lymph node 
of a case, right hilar lymph node of a 
case and pericardial tissues of a 
case, the pathological examinations 
of the GFP-positive metastatic loci 
tissue specimens all revealed 
metastases (Figure 2). The coinci-
dence rate between the fluores-
cence imaging and pathological 
examination was 92.3%. 

miRNA microarray analysis

In comparison to the primary lesions 
on the left lung of nude mice without 
metastases (Group A), there were 17 
miRNAs with up-regulated expres-
sion and 7 miRNAs with down-regu-
lated expression on the primary foci 
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of the left lung of nude mice with metastases. 
Compared with the primary lesions on the left 
lung of nude mice with metastases (Group B), 
there were 20 miRNAs with up-regulated 
expression and 16 miRNAs with down-regulat-
ed expression on the metastatic foci on the 
nude mice with metastases (Table 2).

Bioinformatics analysis

Hierarchical clustering analyses were per-
formed in all differentially expressed miRNAs 
(Figure 3). The color indicated the intensity of 
signal value, the signal value increased sequen-
tially from green, black, to red. A total of 128 
genes were predicted in the intersection by the 
3 softwares TargetScan + miRanda + PicTar in 
Group A, and these genes had a high possibility 
of being the real target genes. For example, it 
was highly possible that RARβ and E2F-1 played 
key roles in the initial mechanisms of NSCLC 
metastasis. In Group B, 63 genes were identi-
fied in the intersection predicted by the 3 soft-
wares, and the genes like RASSF1, E2F-3 and 
TCF7L1 were highly possible to play critical 
roles in the mediation mechanisms of metasta-
sis development (Figure 4). The differentially 
expressed genes were classified according to 
the 3 independent manners of biological pro-
cess, cellular component and molecular func-
tion (Figure 5). 

Pathway analysis detected 62 pathways in 
Group A, including 22 pathways with gene 
count ≥ 2, and retinoic acid receptor β (PARβ) 
and E2F1 were the target genes up-regulating 
miR-144 and miR-205, respectively in NSCLC-
related signal pathway (Figure 6A). Pathway 
analysis observed 47 pathways in Group B, 

In the regulatory network map, the solid edge 
indicated the regulation of target genes by miR-
NAs, the dotted edge indicated the regulation 
of related miRNAs by transcription factors; 
while red nodes indicated miRNAs, green 
nodes indicated transcription factors and grey 
nodes indicated target genes (Figure 8). 

Real-time quantitative RT-PCR analysis

A total of 24 differentially expressed miRNAs 
were identified in Group A, while 36 were 
detected in Group B (Figure 1). The NSCLC-
associated Pathway analysis revealed miR-144 
and miR-205 in Group A and miR-25 and miR-
326 in Group B and their corresponding target 
genes were possible to be involved in metasta-
sis occurrence and development (Figure 6). 
The regulatory network demonstated that miR-
10b, miR-34b, miR-144, miR-31, miR-9 from 
Group A and miR-25, miR-326, miR-202 and 
miR-92a from Group B were highly correlated 
with the metastasis-related target genes and 
transcription factors (Figure 8). Based on afore-
mentioned results, combined with previous 
studies, miR-let-7 [17, 18] and miR-205 [19, 20] 
were involved in mediation of metastasis of 
many malignant tumors including NSCLC. 
Therefore, 6 miRNAs in Group A including miR-
10b, miR-34b, miR-144, miR-31, miR-9 and 
miR-205, and 5 miRNAs in Group B including 
miR-25, miR-326, miR-202, miR-92a and miR-
let-7e were selected for further real-time quan-
titative RT-PCR validation.

The corresponding tissue specimens from 16 
nude mice without metastases and 20 nude 
mice with metastases were used from RT-PCR 

hsa-miR-337-3p 1.684633 0.003579 Up-regulation
hsa-miR-338-5p 1.729264 0.016106 Up-regulation
hsa-miR-146b-5p 1.736796 0.031588 Up-regulation
hsa-miR-486-5p 1.893567 0.014392 Up-regulation
hsa-miR-490-3p 1.964172 0.001443 Up-regulation
hsa-miR-340 2.067369 0.001391 Up-regulation
hsa-miR-495 2.103060 0.011562 Up-regulation
hsa-miR-212 2.274477 0.012768 Up-regulation
hsa-miR-302e 2.291677 0.001529 Up-regulation
hsa-miR-146b-3p 2.304957 0.003745 Up-regulation
hsa-miR-422a 2.984432 0.048098 Up-regulation
hsa-miR-297 2.984726 0.000832 Up-regulation
hsa-miR-302f 3.369296 0.028652 Up-regulation
hsa-miR-491-3p 4.137266 0.000168 Up-regulation

including 10 pathways with gene 
count ≥ 2, and RASSF1 and E2F3 
were the target genes down-regulat-
ing miR-326 and miR-25, respec-
tively in NSCLC-related signal path-
way (Figure 6B). Analysis of trans- 
cription factor binding sites demon-
strated that, the transcription fac-
tors like activator protein 1 (AP-1), 
p53, CEBPB, NF-κB, c-Myc and E2F 
may mediate the differentially 
expressed miRNAs in Group A, while 
the transcription factors like AP-1, 
AP-4, p53, NF-κB, E2F and SP-1 may 
mediate the differentially expressed 
miRNAs in Group B (Figure 7).
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Figure 3. Hierarchical clustering map of the differentially expressed miRNAs in Group A (A) and Group B (B).

Figure 4. Prediction of target genes of the differentially expressed miRNAs 
in Group A (A) and Group B (B). Longitudinal axis is the number of target 
genes, horizontal axis is the prediction software used. 

validation. The primers for RT-PCR analysis 
were designed using the software Primer 5.0, 

and synthesized by the Shang- 
hai Invitrogen Bio-tech Co., Ltd 
(Shanghai, China), and the se- 
quences of primers were listed 
in Table 3.

The data from the real-time 
quantitative RT-PCR were ana-
lyzed using the 2-ΔΔCt method, 
and figures were generated ba- 
sed on the difference of gene 
expression among specimens 
(vertical coordinate) and the 
corresponding miRNAs (hori-
zontal coordinate) (Figure 9). 
Figures were plotted based on 
the difference folds of miRNAs 
ratio (ratio > 1 was defined as 
up-regulation, ratio < 1 was de- 
fined as down-regulation) (ver-
tical coordinate), and the cor-
responding miRNAs (horizon-
tal coordinate). miRNA micro- 
array analysis revealed con- 
sistent regulation in 6 miRNAs 
from Group A; in Group B, 
except that miR-let-7e expres-
sion was up-regulated in 
miRNA microarray but down-
regulated in RTPCR, consis-

tent regulation was observed in other 4 miRNAs 
(Figure 10).



Non-small cell lung cancer metastasis prediction

43 Am J Cancer Res 2015;5(1):32-51

Discussion

Currently, GFP is one of the best in-vivo molecu-
lar markers, which is widely applied in studies 
at cellular and sub-cellular levels, notably in 
determination of the tumor volume and infiltra-
tion range. The present study used the GFP-
transfected human large cell lung cancer cell 
line H460 to establish orthotopic implantation 
animal models of lung cancer, and carried out 
real-time and non-invasive observation on 
tumor growth in nude mice using the fluores-
cence stereo microscope, so as to accurately 
determine the tumor size and metastatic 
organs. 

It has been demonstrated that miRNAs medi-
ate the metastatic process of multiple malig-

nant tumors. Ma et al. [21] observed miR-10b 
was involved in breast cancer invasion and 
metastasis. In colorectal and breast cancer cell 
lines with high metastatic characteristics, miR-
21 functions through regulation of the tumor 
suppressor genes like PTEN, PDCD4 and TPM1 
[9, 22, 23], and high expression of miR-21 is 
correlated with advanced staging of breast can-
cer and lymph node metastasis [24]. Up- 
regulation of miR-373 and miR-520c inhibits 
CD44 expression, and thus promotes tumor 
invasion and metastasis [25]. miR-155 leads to 
increase in invasion of mammary epithelial 
cells through regulation of target gene RhoA 
[26]. Gregory et al. [18, 27] reported that miR-
200 family and miR-205 led to epithelial to 
mesenchymal transition (EMT), which was con-
sidered as an essential step in early tumor 

Figure 5. The biological process classification (A, D) cellular component classification (B, E) and molecular function 
classification (C, F) of target genes in groups A and B. Longitudinal axis is the category of gene functions, horizontal 
axis is the proportions of the number of target genes with this function in total number of target genes.
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metastasis. Lujambio and colleagues [28] 
observed silencing of miRNAs with tumor sup-
pressor features by DNA methylation caused 
tumor metastasis. It has been reported that 
miR-10b, miR-9, miR-31, miR-34b, miR-92a, 
miR-205 and miR-202 mediate metastases of 
malignant tumor like lung cancer, breast can-
cer, ovarian cancer, gastric cancer, prostate 
cancer and bladder cancer mainly through the 

mechanisms such as DNA methylation in the 
promoter region, EMT and signal transduction 
pathway. However, there are few studies report-
ing the roles of miR-25, miR-144 and miR-326 
in tumor metastasis.

The target genes of the differentially expressed 
miRNAs were mainly involved in regulation of 
cell proliferation, cell cycle and development, 

Figure 6. Pathway analysis in groups A (A) and B (B). 
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Figure 7. Analysis of transcription factor loci (A, C) and distribution of related transcription factors (B, D) in groups A and B. In Figure 8B and 8D, longitudinal axis is 
the number of miRNAs regulated by transcription factors, horizontal axis is the name of the corresponding transcription factors.
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Figure 8. miRNAs regulation network in groups A (A) and B (B).
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DNA and/or RNA metabolism, and signal trans-
duction pathway. Bioinformatics analysis of 
miRNAs and Pathway analysis (Figure 6A) and 
regulatory network analysis of target genes 
(Figure 8A) all indicated the target gene that 
up-regulated miR-144 expression may be PARβ, 
which bound with all-trans retinoic acid (ATRA) 
to mediate the effect of retinoic acid. 
Up-regulation of miR-144 inhibits the role of 
PARβ in blocking tumor cell metastasis, which 
is characterized in the following aspects. 
Angiogenesis is particularly important during 
the process of malignant tumor metastasis, 
and the new angiogenesis of tumor tissues is 
positively proportional to invasion and metas-
tasis of cancer tissues. It has been shown that 
ATRA down-regulates tumor growth factor-beta 
(TGF-β) expression, and significantly inhibits 
the proliferation of vascular smooth muscle 
cells [29]. In addition, ATRA significantly reduc-
es the synthesis of low collagen, fibronectin 
and laminin, leading to reduction of motility in 

tumor cells [30]. Immunosuppression caused 
by tumor is another important mechanism for 
escaping from immunological surveillance and 
the resultant invasion and infiltration. ATRA 
increases the killing ability of natural killer (NK) 
cells and lymphokine-activated killer (LAK) 
cells through inducing the differentiation of the 
immature bone marrow cells, improves tumor-
specific immune response mediated by CD4+ 
and CD8+ cells, up-regulates the expression of 
RARα and RARβ in blood lymphocytes, pro-
motes the expression of cytokines which play 
important roles in immune process and 
destroys the tumor cells in the circulatory sys-
tem and the emerged minor metastatic lesions, 
leading to inhibition of occurrence and develop-
ment of tumor metastasis [30, 31]. The Pathway 
(Figure 6B) and regulatory network analyses 
(Figure 8B) of miRNAs and target genes all 
revealed the target gene which up-regulated 
miR-326 expression may be Ras association 
domain-containing protein family 1 (RASSF1), 
which is a novel tumor suppressor gene cloned 
from the small arm of human chromosome 3 
[32]. Down-regulation of miR-326 inhibits the 
anti-tumor and anti-metastatic activity of 
RASSF1. In primary lung cancer and breast 
cancer, hypermethylation of RASSF1A in the 
promoter 5’ CpG island region is closely related 
with the pathological progression of the dis-
ease. More distinct tumor local invasion, more 
distant lymph node metastasis and more 
advanced tumor stage lead to higher incidence 
of methylation [33]. The mechanism may be 
the imbalance of RAS caused by inhibition of 
RASSF1, or the blockage of accumulation of 
cyclin D1 and shift from G1 phase to S phase in 
the cell cycle [34, 35], leading to promotion of 
malignant tumor formation and metastasis. It 
is predicted that E2F-1 is the target gene to up-
regulate miR-205 expression, and E2F-3 is the 
target gene to down-regulate miR-25 expres-
sion, both belonging to nuclear transcription 
factor E2F family. E2F is the most important 
transcription factor in the Rb/E2F pathway, 
which exhibits dual regulatory effect on cell 
transcription, proliferation and apoptosis, and 
whether it acts as oncogene or tumor suppres-
sor gene is determined by the degree of the 
dual effect and is associated with organ-speci-
ficity. Lujambio et al. [28] reported that the 
reduction in expression of oncogenes like 
E2F-3 and C-myc inhibited tumor metastasis. 
High expression of E2F-1 in head and neck can-

Table 3. Primers for real-time quantitative PCR 
Gene name Sequence of double-strand primers*
U6 F: 5’-TGGGGTTATACATTGTGAGAGGA-3’, 

R: 5’-GTGTGCTACGGAGTTCAGAGGTT-3’.
hsa-miR-10b F: 5’-GGATACCCTGTAGAACCGAA-3’,

R: 5’-CAGTGCGTGTCGTGGAGT-3’.
hsa-miR-31 F: 5’-GGAGGCAAGATGCTGGC-3’, 

R: 5’-CAGTGCGTGTCGTGGAGT-3’.
hsa-miR-205 F: 5’-GCTCCTTCATTCCACCG-3’, 

R: 5’-CAGTGCGTGTCGTGGAGT-3’.
hsa-miR-144 F: 5’-GGGGGTACAGTATAGATGAT-3’, 

R: 5’-TGCGTGTCGTGGAGTC-3’.
hsa-miR-9 F: 5’-GGGTCTTTGGTTATCTAGC-3’, 

R: 5’-TGCGTGTCGTGGAGTC-3’.
hsa-miR-202 F: 5’-GGGGAGAGGTATAGGGCA-3’, 

R: 5’-CAGTGCGTGTCGTGGAGT-3’.
hsa-let-7e F: 5’-CAGTGCGTGTCGTGGAGT-3’, 

R: 5’-CGGTGAGGTAGGAGGTTGTAT-3’.
hsa-miR-34b F: 5’-TGCGTGTCGTGGAGTC-3’, 

R: 5’-GCGAATCACTAACTCCACT-3’.
hsa-miR-25 F: 5’-CCAGTGCGTGTCGTGGA-3’, 

R: 5’-GGCATTGCACTTGTCTCG-3’.
hsa-miR-326 F: 5’-CCAGTGCGTGTCGTGG-3’, 

R: 5’-CCTCTGGGCCCTTCCT-3’.
hsa-miR-92a F: 5’-ATCCAGTGCGTGTCGTG-3’, 

R: 5’-GGTATTGCACTTGTCCCG-3’.
*F (Forward) is the corresponding miRNAs specific primer, R 
(Reverse) is the primer matched with RT-PCR primers.
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cer is closely related with tumor metastasis 
and prognosis [36]. 

GO analysis and transcription factor binding 
site analysis of target genes demonstrated that 
it was highly possible the transcription factors 
AP-1, AP-4, p53, STATs and NF-κB were involved 
in regulation of NSCLC metastasis-related miR-
NAs. AP-1 inhibits cell growth through regula-
tion of cell cycle regulators cyclin D, cyclin A, 
p53, p21Cip, p16INK4a and p19Arf [37]. Many 
target gene products mediated by AP-1 are 
involved in the invasion and metastasis of 
tumor cells, which needs degradation of extra-
cellular matrix components to enable angiogen-
esis and cell migration. In addition, AP-1 medi-
ates the transcription of tumor metastas- 
is-related factors like CD44, cathepsin L and 
MTS1. p53 is a protein referring to cell cycle 
regulation and apoptosis, its wild type acts as a 
tumor suppressor gene, while the mutant type 
functions as an oncogene. It is considered that 

the mutant p53 protein enables cell survival 
under anoxic conditions, and promotes angio-
genesis and metastasis of tumors through 
inducing the expression of inducible NO syn-
thase (iNOS) and vascular endothelial growth 
factor (VEGF) [38]. Signal transducer and acti-
vator of transcription (STAT) is an important 
member in the JAKs-STATs transduction path-
way. The STATs family, notably STAT3, plays 
important roles in promoting tumor cell prolif-
eration, inhibiting tumor cell apoptosis and pro-
moting invasion and metastasis, as well as 
immune evasion. STAT3 regulates cell growth, 
differentiation and apoptosis through mediat-
ing the transcription of the downstream target 
genes, notably cyclin D1. In addition, activation 
of NF-κB up-regulates the expression of VEGF, 
E-selectin, integrin, ICAM-1, VCAM-1 and 
MMP-9 which are associated with tumor metas-
tasis, and chemical factor receptors like CXCR4, 
uPA and IL-8, through increasing the adhesion 
ability of tumor cells, degrading surrounding 

Figure 9. RT-PCR validation of samples from groups A (metastatic primary loci vs. non-metastatic primary loci) (A) 
and B (metastatic loci vs. metastatic primary loci) (B).
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matrix, promoting EMT and tumor angiogenesis 
[39-41]. Therefore, most of these transcription 
factors are involved in the proliferation, differ-
entiation, transformation and apoptosis, as 
well as regulation of cell cycle signal pathway.

Comparison between miRNA microarray and 
RT-PCR validation showed that there was big 
difference of difference fold value of miR-205 
expression between the miRNA microarray and 
RT-PCR analysis (Figure 10A) in Group A. miRNA 
microarray analysis revealed that miR-let-7e 
was up-regulated, while it was down-regulated 
in RT-PCR validation in Group B (Figure 10B), 
which may attribute to the variation in sample 
size used in miRNA microarray and RT-PCR. In 
the present study, miRNA microarray used 4 
pairs of nude mice with and without metasta-
ses, while 16 nude mice without metastases 
and 20 mice with metastases were used in 
RT-PCR. Due to small sample size, miRNA 
microarray is only used as a tool for preliminary 
screening, and the probability of “false posi-
tive” and/or “false negative” is relatively high. 
Therefore, the RT-PCR validation is more credi-

superficial. Therefore, further studies should be 
carried out to provide new ideas for exploring 
diagnosis, treatment and prognosis of tumor 
metastasis.
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