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Background: Long non-coding RNAs (lncRNAs) play important roles in tumor metastasis. The aim of the 
present study was to investigate their expression profile and potential functions in spinal metastasis (SM) of 
lung adenocarcinoma.
Methods: We conducted lncRNA and mRNA expression in lung adenocarcinoma and its SM tissue using 
microarray analysis. Quantitative reverse-transcriptase polymerase chain reaction (qRT-PCR) revealed 10 
differentially expressed lncRNAs. Gene ontology and pathway analysis were performed to test the gene 
effect. Possible target genes of lncRNAs were predicted based on precise algorithms.
Results: Microarray analysis found many significantly differentially expressed lncRNAs and mRNAs in 
lung adenocarcinoma compared with SM. qRT-PCR results aligned with those of the microarray analysis. 
The expression level of 10 lncRNAs showed the same trend (P<0.05). Biologic pathways known to be 
involved in cancer were identified among the differentially expressed mRNAs; these include cell adhesion 
molecules (related to 42 genes), focal adhesion (related to 31 genes), cytokine-cytokine receptor interaction 
(related to 48 genes), and extracellular matrix-receptor interaction (related to 23 genes). About 9,458 
lncRNAs were found to have cis- or trans-genes. A total of 2,317 cis target genes were discovered to be 
abnormally expressed and could be regulated by lncRNAs in SM of lung adenocarcinoma.
Conclusions: Our results offer a genome-wide differential expression of lncRNA in lung adenocarcinoma 
and SM, as well as laying the foundation for further investigations of lncRNAs correlated with lung 
adenocarcinoma metastasis.
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Introduction

Lung cancer is the leading cause of cancer-related death 
worldwide, comprising almost 20% of cancer-related deaths 
(1,2). More than 65% of lung carcinoma patients have local 
or disseminated metastatic disease (3,4). Tumor cells can 
metastasize locally to the lymph nodes and distant organs, 
including the skeleton. The rate of spinal metastasis (SM) 
is close to 50% in patients with lung cancer, followed 

by the ribs (27%), but rarely occurs in appendicular 
bones (<6%) (5,6). SM is viewed as a deleterious stage in 
patients, resulting in a series of skeleton-associated adverse 
events, especially paraplegia and lifelong urinary and fecal 
incontinence.

In recent years, increasingly more studies have verified 
that inappropriate gene expression due to genomic 
instability or alteration of epigenetic markers can play a 
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major role in lung cancer metastasis (7,8). Consistent with 
the majority of malignant tumors, non-small cell lung 
cancer (NSCLC) metastasis is usually associated with a 
specific genetic chromosomal abnormality (9). However, 
SM pathogenesis of lung adenocarcinoma is still unclear. 
The aim of the present study was to investigate the 
expression profile of long non-coding RNAs (lncRNAs) and 
potential functions in SM of lung adenocarcinoma. In our 
study, we explored the expression and roles of lncRNAs in 
lung adenocarcinoma, which indicates its potential clinical 
applications as diagnostic or prognostic biomarkers, as well 
as therapeutic targets.

LncRNAs are defined as RNA molecules longer than 200 
nucleotides that are unable to be translated into proteins, 
but can act as regulators of cancer signaling pathways and 
biomarkers in predicting cancer prognosis (10). Although 
the function of lncRNAs is still uncertain, some lncRNAs 
have been confirmed to be involved in functions involved 
in regulating gene expression, especially in some serious 
carcinomas, at the gene level of post-transcriptional 
processing, maturation, and transport (11). LncRNAs do 
not code for proteins, yet increasingly more evidence has 
revealed their involvement in the development of cancer 
metastasis, such as ovarian cancer (12), gastric cancer (13), 
and osteosarcoma (14). However, few lncRNAs have been 
reported to be important regulators of metastasis of lung 
adenocarcinoma. HOX transcript antisense RNA and brain 
cytoplasmic RNA 1 have been recently and widely studied 
lncRNAs associated with lung cancer (15,16). However, 
the definitive role of lncRNAs with regard to lung 
adenocarcinoma and its SM tissue is not well understood.

In the present study, we investigated the different 
expression profiles of lncRNAs and mRNAs in lung 
adenocarcinoma and SM tissue by using genome-wide 
microarray. Ten differentially expressed lncRNAs were then 
verified by quantitative reverse-transcriptase polymerase 
chain reaction (qRT-PCR). Gene function was explored 
by gene ontology (GO) and pathway analysis. Our study 
demonstrated that the aberrant expression of lncRNAs may 
be involved in inducing SM of lung adenocarcinoma. In 
addition, exploring the changes of the lncRNA expression 
profile may provide a new method for the diagnosis and 
prevention of lung cancer metastasis.

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-7046).

Methods

Patients and tissue samples

All 10 tissue specimens (see Table S1) were obtained from 
the Department of Surgery, Zhongshan Hospital, Fudan 
University (Shanghai, China). All tumor tissues were snap-
frozen in liquid nitrogen and were immediately put into a 
−80 ℃ freezer. Pathology confirmed the diagnosis of both 
lung adenocarcinoma and SM. Five pairs of samples were 
used for the microarray analysis, while the other five pairs 
were used for qRT-PCR. In order to distinguish noise and 
true results, the inclusion criteria of this study were very 
strict, in which comprehensive pathological type, TNM 
staging and immunohistochemistry factors were considered 
to remove background interference values as much as 
possible. No patients had received chemotherapy or 
radiotherapy, or any other cancer treatment prior to surgery. 
Participants gave informed consent before taking part. All 
procedures performed in this study were conformed to 
the provisions of the Declaration of Helsinki (as revised 
in 2013) and were approved by the Ethics Committee of 
Zhongshan Hospital, Fudan University (number: Y2019-
085).

Microarray hybridization

RNA samples from each group were then used to generate 
biotinylated cRNA targets for the SBC human ceRNA array 
V1.0. Biotinylated cRNA targets were then hybridized with 
the slides. After hybridization, slides were scanned on the 
Agilent microarray scanner (Agilent Technologies, Santa 
Clara, CA, USA). Microarray experiments were performed 
by following the protocol of Agilent Technologies Shanghai 
Biotechnology.

Gene function analysis

We used the Database for Annotation, Visualization, and 
Integrated Discovery (http://david.abcc.ncifcrf.gov/) v6.7, 
and abnormally expressed genes were entered into the 
database, which utilized GO to identify biologic functions 
in the gene profile. The Kyoto Encyclopedia of Genes 
and Genomes (KEGG) was used to analyze the potential 
effects of these genes in tumor pathways (17,18). The lower 
the P value, the greater the statistical significance; the 
recommended cutoff for the P value was 0.05.

http://dx.doi.org/10.21037/atm-20-7046
http://dx.doi.org/10.21037/atm-20-7046
https://cdn.amegroups.cn/static/public/ATM-20-7046-supplementary.pdf
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LncRNA target prediction

We aimed to identify the target genes of abnormally 
expressed lncRNAs via cis- or trans-regulatory functions. 
All the expressed lncRNAs incorporating all the differences 
were selected for target prediction following previous  
study (19). First, the algorithm searched for target genes in 
cis. Using the genome browser (http://genome.ucsc.edu/), 
genes transcribed within a 10 kbp window upstream or 
downstream of lncRNAs were regarded as cis target genes. 
Second, the effects of lncRNA combination on mRNA 
molecules were based on the algorithm of mRNA sequence 
complementarity and RNA double-chain energy prediction. 
BLAST software (http://www.ncbi.nlm.nih.gov/BLAST/) 
was used for first-round screening. Finally, trans-acting 
target genes were searched using RNAplex software.

qRT-PCR

Total RNA was extracted by TRIzol (Invitrogen, Carlsbad, 
CA, USA). RT-PCR analyses were conducted using the 
QuantiNovaTM SYBR Green PCR Kit (Qiagen, Hilden, 
Germany). qPCR data collection was conducted using a 
thermocycler (Thermo-ABI 7500; Applied Biosystems, 
Waltham, MA, USA). The Ct value was calculated based 
on the ΔΔCt method. Fold change of gene expression ratios 
were calculated using the 2−ΔΔCt method. The primers used 
are listed in Table 1.

Statistical analysis

All data were presented as mean ± standard deviation. The 
standards for screening differentially expressed lncRNAs 
and mRNAs were a fold change >2 and a threshold P<0.05. 
All statistical analyses were carried out using SPSS statistical 
software version 20.0 (SPSS UK, Woking, UK).

Results

Differentially expressed lncRNAs and mRNAs

To profile differentially expressed lncRNAs between 
lung adenocarcinoma tissue and SM tissue, we analyzed a 
genome-wide result of lncRNA and mRNA expression in 
lung adenocarcinoma and matched SM. According to these 
microarray results, we found that 3,345 lncRNAs were 
differentially expressed (fold change >2, P<0.05) between 
lung adenocarcinoma and SM. Of these, 761 lncRNAs 
were upregulated and 2,584 lncRNAs were downregulated  
(Figure 1A). Heatmap analysis was used to divide all tissues 
into groups based on their expression levels. We were then 
able to draw conclusions about the relationships between 
them (Figure 1B). The top 20 differentially expressed 
lncRNAs are listed in Table 2. According to the same standard 
lncRNA, we found that 1,740 mRNAs were differentially 
expressed between lung adenocarcinoma and SM tissues (fold 
change >2, P<0.05). Of these, 801 mRNAs were upregulated 

Table 1 Primers used for quantitative reverse-transcriptase polymerase chain reaction 

LncRNA Forward primer (5'-3') Reverse primer (5'-3') Product (bp)

lnc-HDAC9-8:2 GCTGATTGGCACGACCTCTT CACCATCCTCACACCTCTGC 403

lnc-GNB2L1-3:1 CCTTCAGAGTCACCTCGCAGT ACCGGAACACCTCACAGTCC 703

NONHSAT124775 TGACTAATGACTGCCTTCTAACACTG CTGCATTCTGCTGTATCTCTACCA 105

ENST00000444476 TCAGGAAGGAACACCAGGCT TAGAAGCAGCCTCCTGGGAC 594

NR_120562 CTAAGCAGATGGCCGCACT CTCTCCTCTCCTGCCAGCTT 482

ENST00000385099 TTGAGTCTCAGGAGGCAGCG CCCTGAGTGAGGAGGGTGAG 95

ENST00000408156 GACTCACTTTGCACCTGGCT TGATAGGTCAGGCAGCCACA 124

lnc-FAM53A-2:1 GTCGGCTGCAAGTCTGATCT GGTCATAGGACACTGGCGTCT 351

lnc-NETO1-3:1 AAGCCATGACTAAGGAGCCCA TTCCGCTGAGGCATTGAAGG 445

ENST00000609212 TCCAGGAGGAGGACTGGAAG GCCATTGAGAGTCCACAGACA 490

GAPDH CAGGAGGCATTGCTGATGAT GAAGGCTGGGGCTCATTT 138

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; lncRNA, long non-coding RNA.
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and 939 mRNAs were downregulated (Figure 2). The top 20 
differentially expressed mRNAs are listed in Table 3.

Function prediction of differentially expressed genes

GO enrichment analysis of differentially expressed mRNAs 
was used to ascertain GOs with a higher confidence level 
in the differential expressed gene profiling (Figure 3). 
Enrichment provides a concept of the significant function, 
and as enrichment increases, the function of differentially 
expressed genes is more specific; in this way, target genes 
could be identified with more concrete functionality (20). 
Pathway analysis indicated that 29 pathways were significantly 
enriched among the differentially expressed transcripts 
(P<0.05). The most enriched pathway was cytokine–cytokine 
receptor interaction (P=1.74E−07), containing 48 genes. 
Many pathways are related to cancer, such as cell adhesion 
molecules (CAMs; associated with 42 genes), primary 
immunodeficiency (associated with 15 genes), focal adhesion 
(associated with 31 genes), type I diabetes mellitus (associated 
with 15 genes), extracellular matrix (ECM)-receptor 
interaction (associated with 23 genes), rheumatoid arthritis 
(associated with 22 genes), and T-cell receptor signaling 
pathway (associated with 18 genes) (Figure 4).

Analysis of lncRNA target prediction and function

To identify whether dysregulated lncRNAs regulate genes 
and signaling pathways in SM of lung adenocarcinoma, 

we used target prediction programs to predict potential 
targets of lncRNAs in the database. In total, 9,458 
differentially expressed lncRNAs were recognized to have 
cis or trans target genes. Of these, 2,317 lncRNAs targeted 
about 2,137 cis-genes, 7,141 lncRNAs had 2,932 trans-
genes, and 448 lncRNAs had both cis and trans target 
genes. After expression profiling of mRNA, we integrated 
the 1024 cis target genes of lncRNA into differentially 
expressed mRNAs in the profile. We found that 463 of 
the differentially expressed cis-genes could be regulated 
by lncRNAs. Analysis using the Shbio enrichment system 
(http://enrich.shbio.com/) showed that the related tumor 
signaling pathways of these full target genes were enriched 
(Table 4). For example, cytokine-cytokine receptor 
interaction, CAMs, focal adhesion, and ECM-receptor 
interaction were the most enriched pathways linked with 
the differentially expressed genes.

qRT-PCR validation

To verify the microarray data, we randomly chose 10 
differentially expressed lncRNAs for qRT-PCR, of which 
TCONS_l2_00010365, n386477, n340790, lnc-LLPH-2:1, 
and NR_003225.2 were found to be upregulated, and lnc-
PSD4-1:14, n335550, lnc-KCMF1-2:1, lnc-PLA2R1-1:1, 
and ENST00000422494.1 were found to be downregulated 
in our samples. The qRT-PCR results were consistent with 
the microarray data, and all 10 of the differentially expressed 
lncRNAs showed the same trend (P<0.05) (Figure 5).

Figure 1 Deregulated lncRNAs in SM tissues. (A) Volcano plot of differentially expressed lncRNAs in lung adenocarcinoma tissues 
compared with SM tissues (fold change ≥2, P<0.05). (B) Heatmap of differentially expressed lncRNAs (fold change ≥2, P<0.05). P1, spinal 
metastasis; P2 lung adenocarcinoma. LncRNA, long non-coding RNA; SM, spinal metastasis.
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Table 2 Top-20 differentially expressed lncRNAs of lung adenocarcinoma tissues compared to spinal metastasis tissues

LncRNA Source P value Fold change

Upregulated lncRNAs

ENST00000518706 ENSEMBL_GENCODE 5.11E–05 109.9921

NR_125830 RefSeq 0.00027869 99.4361

ENST00000609911 ENSEMBL_GENCODE 3.61E–05 68.3187

ENST00000568143 ENSEMBL_GENCODE 0.002469248 62.5625

ENST00000420548 ENSEMBL_GENCODE 0.000673525 35.7474

ENST00000435485 ENSEMBL_GENCODE 0.000229067 33.6855

NONHSAT087996 NONCODE 3.07E–05 32.5144

lnc-BDH2-2:2 Lncipedia 4.04E–06 32.0870

ENST00000607594 ENSEMBL_GENCODE 0.000275057 25.1717

NR_038358 RefSeq 0.002682489 22.0184

lnc-PRRC1-1:1 Lncipedia 0.000148802 21.3396

NR_125795 RefSeq 0.000132872 21.3160

ENST00000548051 ENSEMBL_GENCODE 0.000217331 18.4109

ENST00000451439 ENSEMBL_GENCODE 0.000396164 16.3333

lnc-DCAF4L2-3:1 Lncipedia 0.049305351 15.6970

lnc-ANKRA2-9:1 Lncipedia 1.97E–05 15.6165

lnc-PKD2-2:4 Lncipedia 0.016502083 14.7161

lnc-FOXL1-2:4 Lncipedia 9.62E–06 14.3873

lnc-SLC9B1-2:1 Lncipedia 8.95E–05 13.2739

NONHSAT072827 NONCODE 0.000846704 12.6441

Downregulated lncRNAs

lnc-ZNF322-5:1 Lncipedia 0.048396556 437.8232

NONHSAT040429 NONCODE 0.000635489 119.0365

NONHSAT072236 NONCODE 0.000734641 114.2008

NONHSAT040387 NONCODE 0.000956946 113.9025

lnc-D87017.1-2:1 Lncipedia 0.000858671 88.7543

lnc-RP11-1277H1.1.1-11:1 Lncipedia 0.000290634 88.6802

NONHSAT040502 NONCODE 0.001046164 86.1273

NONHSAT072256 NONCODE 0.001220448 86.0279

NONHSAT072252 NONCODE 0.001023428 81.6284

lnc-AC110080.1-2:1 Lncipedia 0.00354285 80.6946

NONHSAT072237 NONCODE 0.001331709 77.9593

NONHSAT072229 NONCODE 0.004675514 75.5257

NONHSAT072254 NONCODE 0.00062815 69.8318

Table 2 (continued)
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Discussion

The incidence of bone metastasis has been increasing 
globally for several decades, with an increasingly greater 
number of lung cancer patients, especially those with SM. 
The prognosis of patients with lung carcinoma is generally 
promising because of advanced inspection and therapy, 
including surgical operations and chemotherapy (21,22). 
However, some limitations exist in current therapies, 
especially for some distant metastatic patients. Preventing 
cancer cells from metastasizing and invading is crucial for 
lung cancer patients.

In the past few decades, researchers have determined 
that SM of lung cancer is a complex biologic process 
characterized by various molecular abnormalities, such as 

the axis of stromal derived factor-1/chemokine (C-X-C 
motif) receptor 4 (CXCR4) (23), and the activation of the 
receptor activator of the NF-κB (RANK) ligand (RANKL) 
and Parathyroid Hormone-Related Protein (PTHrP) 
(24,25). However, the specific pathogenesis of this process 
still remains unclear.

LncRNAs were previously regarded as transcriptional 
noise or junk, but are now, conversely, attracting many 
scientists to investigate their potential role in tumorigenesis 
(26-28). Similar to mRNAs, they may act as oncogenes 
or anti-oncogenes via regulating transcriptional processes 
directly, or via alteration of the expression of related  
genes (29). However, to the best of our knowledge, there 
have been no specific studies on the expression profile of 

Table 2 (continued)

LncRNA Source P value Fold change

lnc-AC140658.1-1:1 Lncipedia 0.000977038 69.5535

lnc-AC110080.1-8:1 Lncipedia 0.000750004 67.0123

NONHSAT072291 NONCODE 0.000818044 66.1719

NONHSAT072290 NONCODE 0.001031448 65.7504

lnc-CARD6-3:4 Lncipedia 0.000287847 62.3324

NONHSAT072224 NONCODE 0.001965794 59.4750

NONHSAT072253 NONCODE 0.000750487 58.2704

LncRNA, long non-coding RNA.

Figure 2 Deregulated mRNAs in SM tissues. (A) Volcano plot of differentially expressed mRNAs of lung adenocarcinoma tissues compared 
to SM tissues (fold change ≥2, P<0.05). (B) Heatmap of differentially expressed mRNAs (fold change ≥2, P<0.05). P1, spinal metastasis; P2, 
lung adenocarcinoma. SM, spinal metastasis.
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Table 3 Top-20 differentially expressed mRNAs in lung adenocarcinoma tissues compared with paired spinal metastasis tissues

mRNA (gene symbol) Fold change P value

Upregulated mRNAs

DMP1 1532.897704 0.004548432

IBSP 1218.537098 3.39E–05

MEPE 429.2515061 9.57E–05

AK5 124.1880043 1.79E–06

FAM69C 81.87525985 3.93E–05

OMD 81.43179319 0.000471363

EN1 79.29760972 0.001125978

VIT 75.22025454 0.001027873

CHAD 73.8371101 0.039622832

MEGF10 62.73540205 0.000681306

PRSS35 61.58518914 0.017310473

SIGLEC15 41.97421628 2.41E–06

PPP2R2C 39.2716116 0.00373121

DIRAS2 38.79464005 0.000101566

OPCML 37.24969418 0.004400061

OCSTAMP 31.53728611 0.000289705

PPBP 29.70151229 0.024740302

NPTX2 28.8824288 0.000857062

SERPINA5 28.15134196 0.023096591

ENPP1 27.23916714 0.001227678

Downregulated mRNAs

SCGB1A1 0.001345487 0.000221556

SFTPC 0.00295028 9.36E–05

TBX5 0.003473628 3.12E–05

FDCSP 0.003962969 0.000141039

C11orf88 0.004677578 0.00124304

MFAP4 0.005658355 4.69E–06

FAM150B 0.00588604 0.00013056

C20orf85 0.007851293 0.001132011

ADAMTS8 0.008853937 9.53E–05

SCN7A 0.009579999 0.00014813

COL6A6 0.009589914 0.000509394

PCP4L1 0.010900859 0.000405194

SEC14L3 0.010974965 0.001905808

Table 3 (continued)
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Table 3 (continued)

mRNA (gene symbol) Fold change P value

AQP4 0.012639918 0.000755457

C11orf16 0.012954721 1.79E–05

JCHAIN 0.013000383 0.000425903

ADH1B 0.014614229 0.000879573

COL6A5 0.015563503 0.000389876

BPIFB1 0.020701037 0.001917475

CCL11 0.020838941 0.000291506

DMP1, Dentin matrix protein 1; IBSP, Integrin-binding sialoprotein; MEPE, Matrix extracellular phosphoglycoprotein; AK5, adenylate 
kinase 5; FAM69C, family with sequence similarity 69 member C; OMD, osteomodulin; EN1, engrailed homeobox 1; VIT, vitrin; CHAD, 
chondroadherin; MEGF10, multiple EGF-like-domains 10; PRSS35, protease serine 35; SIGLEC15, sialic acid binding Ig-like lectin 
15; PPP2R2C, protein phosphatase 2 regulatory subunit 2C; DIRAS2, DIRAS family GTP-binding RAS-like 2; OPCML, Opioid-binding 
protein/cell adhesion molecule; OCSTAMP, osteoclast stimulatory transmembrane protein; PPBP, pro-platelet basic protein; NPTX2, 
neuronal pentraxin 2; SERPINA5, serine protease inhibitor 5; ENPP1, ectonucleotide pyrophosphatase/phosphodiesterase 1; SCGB1A1, 
Secretoglobin 1A member 1; SFTPC, surfactant protein C; TBX5, T-box transcription factor 5; FDCSP, follicular dendritic cell secreted 
protein; C11orf88, chromosome 11 open reading frame 88; MFAP4, microfibrillar-associated protein 4; FAM150B, family with sequence 
similarity 150 member B; C20orf85, chromosome 20 open reading frame 85; ADAMTS8, thrombospondin type 1 motif 8; SCN7A, sodium 
channel voltage gated type 7; COL6A6, collagen type VI alpha 6; PCP4L1, purkinje cell protein 4 like 1; SEC14L3, Sec14-like 3; AQP4, 
aquaporin 4; C11orf16, chromosome 11 open reading frame 16; JCHAIN, Joining chain of multimeric IgA and IgM; ADH1B, alcohol 
dehydrogenase 1B; COL6A5, collagen type VI α5, BPIFB1, BPI fold containing family member 1; CCL11, chemokine (C-C motif) ligand 11.

Figure 3 GO pathways of differentially expressed mRNAs. Vertical axis represents the number of genes in different pathway categories, and 
the horizontal axis represents the pathway category. GO, gene oncology.
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Figure 4 KEGG pathways of differentially expressed mRNAs. Vertical axis represents the pathway category, and the horizontal axis 
represents the enrichment score [−log10(P value)] of the pathway. IgA, immunoglobulin A; KEGG, Kyoto Encyclopedia of Genes and 
Genomes.
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lncRNA microarray in SM of lung adenocarcinoma to date.
With  the  advent  o f  h igh-throughput  lncRNA 

microarrays, we can explore the expression of a large 
number of lncRNAs and mRNAs synchronously, leading 
to increased understanding of the overall transcriptome 
in cancer or normal cells (30). In our research, we first 
used microarray technology to evaluate the genome-
wide lncRNA and mRNA expression profiles in lung 
adenocarcinoma tissue compared with matched SM tissue, 
and detected their possible functions by utilizing GO 
and KEGG pathway analysis. We found that there were 
significant numbers of differentially expressed lncRNAs 
and mRNAs between lung adenocarcinoma and SM tissue. 
To further confirm the validity of the microarray data, 
we independently measured lncRNA expression level 

in lung adenocarcinoma and SM samples by qRT-PCR. 
The microarray data were consistent with the qRT-PCR 
results.

To date, many studies have focused on the effect of 
lncRNAs in non-small cell lung cancer related to carcinoma 
tissue and para-carcinoma tissue (31,32), but to the best 
of our knowledge, no studies have focused on distant 
metastatic sites, especially common sites. For example, 
metastasis-associated lung adenocarcinoma transcript 
1 was not only shown to promote proliferation of lung 
tumor cells, but also induce the epithelial-mesenchymal 
transition to migrate to distant sites, such as the brain and 
liver (33). In the microarray study, several differentially 
expressed levels of lncRNA and mRNA were in accordance 
with those reported in the literature, such as NR_125795, 
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Table 4 Pathological pathway analysis of differentially expressed cis-target genes and their related lncRNAs

Term Count P value Gene (lncRNA)

Cell adhesion molecules 11 3.00E–12 VCAN (ENST00000513899), CLDN14 (ENST00000429588, ENST00000428667, 
ENST00000454980), HLA-C (lnc-HLA-B-3:1), HLA-DMA (lnc-HLA-DMA-2:1), HLA-
DMB (lnc-HLA-DMA-2:1), HLA-DPA1 (lnc-HLA-DOA-1:1, lnc-HLA-DPA1-2:1, lnc-
BRD2-3:1, lnc-BRD2-5:1), HLA-E (lnc-HLA-E-5:1), CADM3 (NR_037870), PTPRC (lnc-
NEK7-4:2, lnc-NEK7-2:2), CD22 (NR_049828, lnc-FFAR1-2:1, lnc-MAG-1:2), CD40LG 
(NR_038462)

Cytokine-cytokine receptor 
interaction

7 1.26E–05 IL2RA (lnc-IL15RA-4:1), IL (NONHSAT101519), LTBP3 (lnc-KCNK7-5:1), PPBP (lnc-
USP32-3:1), CD27 (NR_015382), TNFSF8 (lnc-TNFSF8-2:1, lnc-TNFSF8-1:1), CD40LG 
(NR_038462)

Asthma 6 9.34E–05 MS4A2 (lnc-AGBL1-12:2), HLA-DMA (lnc-HLA-DMA-2:1), CD40LG (NR_038462), 
HLA-DMB (lnc-HLA-DMA-2:1), HLA-DOA (lnc-HLA-DOA-1:1), HLA-DPA1 (lnc-HLA-
DPA1-2:1)

Focal adhesion 7 0.00576951 COL1A1 (lnc-COL1A1-5:1), COL1A2 (lnc-CASD1-2:2), COL5A1 (lnc-FCN2-6:1), 
COL5A2 (lnc-DIRC1-3:1), ITGA10 (lnc-PEX11B-2:1), ITGA8 (lnc-CXorf66-4:1), MYLK3 
(lnc-RGMA-10:1)

Rheumatoid arthritis 6 4.96E–05 CTSK (lnc-SETDB1-6:1), HLA-DMA (lnc-HLA-DMA-2:1), IL6 (NONHSAT101519), 
HLA-DMB (lnc-HLA-DMA-2:1), HLA-DPA1 (lnc-HLA-DPA1-2:1, lnc-BRD2-5:1, lnc-
BRD2-3:1, lnc-HLA-DOA-1:1), ATP6V1G1 (lnc-C9orf91-2:1)

Type I diabetes mellitus 5 1.21E–05 HLA-C (lnc-HLA-B-3:1), HLA-DMA (lnc-HLA-DMA-2:1), HLA-E (lnc-HLA-E-5:1), HLA-
DMB (lnc-HLA-DMA-2:1), HLA-DPA1 (lnc-HLA-DOA-1:1, lnc-HLA-DPA1-2:1, lnc-
BRD2-5:1, lnc-BRD2-3:1)

Primary immunodeficiency 4 2.87E–07 IGLL1 (ENST00000608615), CIITA (lnc-CLEC16A-3:3), CD40LG (NR_038462), PTPRC 
(lnc-NEK7-4:2, lnc-NEK7-2:2)

LncRNA, long non-coding RNA; VCAN, versican; CLDN14, claudin 14; HLA-C, human leukocyte antigen-C; HLA-DMA, human leukocyte 
antigen-DMA; HLA-DPA1, human leukocyte antigen-DPA1; HLA-E, human leukocyte antigen-E; PTPRC, protein tyrosine phosphatase 
receptor type C-associated protein; CD40LG, CD40 ligand; IL2RA, interleukin-2 receptor subunit alpha; IL, interleukin; LTBP3, Latent 
TGFB-binding protein 3; PPBP, pro-platelet basic protein; TNFSF8, tumor necrosis factor (ligand) superfamily member 8; MS4A2, 
membrane-spanning 4 domains, superfamily A, number 2; HLA-DOA, human leukocyte antigen-DOA; COL1A1, Collagen type I alpha 
1; COL1A2, collagen type I alpha 2; COL5A1, collagen type V alpha 1; COL5A2, collagen type V alpha 1; ITGA10, integrin-α10; ITGA8, 
integrin-α8; MYLK3, myosin light chain kinase 3 gene; CTSK, cathepsin K; ATP6V1G, the V1G1 subunit of the vacuolar ATPase; IGLL1, 
immunoglobulin lambda-like polypeptide 1; CIITA, class II trans-activator.

which can promote doxorubicin resistance in osteosarcoma 
by increasing the expression of the transcription factor 
Forkhead box protein C2, with a 21-fold change in lung 
adenocarcinoma tissues compared with SM tissues (34).

In the present study,  we discovered that those 
differentially expressed genes participated in many different 
biochemical processes and signaling pathways. A number 
of pathways related to cancer development and metastasis 
were ascertained. For instance, cytokine-cytokine receptor 
interaction and CAMs were found to be 2 of the most 
enriched pathways. In addition, focal adhesion (as discussed 
above) and primary immunodeficiency, which have been 
reported in the literature, are specifically associated with 
lung carcinoma invasion and metastasis (35,36). These 

results also confirm the reliability of our microarray data.
Although increasingly more lncRNAs are being 

discovered, very few of them have been linked to specific 
biologic cell functions. A large-scale prediction of lncRNA 
function in the mammalian genome has been reported, 
based on the transcription of lncRNAs that affect the 
expression of its flanking coding genes (30). LncRNAs may 
be co-expressed and affect the function of neighboring 
coding genes (37,38). In our study, we attempted to use 
pathway analysis to associate lncRNAs that were upregulated 
or downregulated with their adjacent genes (cis target 
genes) that were differentially expressed, and we uncovered 
specific signaling pathways that were in accordance with 
transcripts. The most enriched pathway was cytokine-
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Figure 5 Clinical validation of ten differentially expressed lncRNAs by qRT-PCR analysis. (A) Comparison of fold change [log2(P1/P2)] of 
lncRNAs between microarray and qRT-PCR results. (B) Relative expression levels of lncRNAs in 10 pairs of lung adenocarcinoma tissue and 
spinal metastasis tissue (P<0.05). P1 spinal metastasis; P2 lung adenocarcinoma. LncRNA, long non-coding RNA; qRT-PCR, quantitative 
reverse-transcriptase polymerase chain reaction. 
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cytokine receptor interaction, including 7 differentially 
expressed target genes (Table 4). CD22, human leukocyte 
antigen-DMA (HLA-DMA), and CD40LG were three 
common molecules involved in cancers pathways cancers. 
These molecules were predicted to be cis-regulated by the 
dysregulated lnc-MAG-1:2 (chr19: 35319261-35347355, 
28094bp), lnc-HLA-DMA-2:1 (chr6: 32948613-32969094, 
20481bp), and NR_049828 (chr19: 35319261-35347355, 
28094bp), respectively. In addition, we randomly verified 
10 lncRNAs by qRT-PCR in the samples of patients which 
were significantly dysregulated in lung adenocarcinoma SM 
(Figure 5). Therefore, lnc-MAG-1:2, lnc-HLA-DMA-2:1, 
and NR_049828 may play a crucial role in the pathological 
signal pathways in SM through CD22, HLA-DMA, and 
CD40LG, although identification of the exact mechanism 
remains to be elucidated. However, our study indicates 

several exact directions for future research.
To the best of our knowledge, the present study is 

the first to screen and analyze the lncRNA expression 
profile of lung adenocarcinoma and SM on a large scale. 
Large numbers of lncRNAs and mRNAs were found to 
be differentially expressed in SM tissue compared with 
lung adenocarcinoma tissue, which may be involved 
in the biologic process related to metastasis of lung 
adenocarcinoma through target genes. Our study provides a 
theoretical basis for the functional and mechanistic research 
of lncRNAs related to SM of lung adenocarcinoma, which 
facilitate comprehensively to research the competitive 
crosstalk among RNA transcripts and potential therapeutic 
target for lung cancer. Subsequently, we may develop 
targeted drugs for lung cancer according to differentially 
expressed lncRNAs and mRNAs.
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