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Abstract. We attempted to discover the biomarker associated with metastasis and prognosis of 
lung adenocarcinoma. The mRNA/lncRNA expression profiles (GSE101836) were downloaded 
from the publicly available database, which included three highly metastatic and three weakly 
metastatic samples. The differentially expressed genes and lncRNAs were analyzed and survival 
analysis were performed based on the TCGA database. The prognosis-associated PPI network and 
mRNA-lncRNA coexpression network were constructed followed by the function and pathway 
enrichment analysis. The expression levels of key genes were validated in other datasets. Differ-
ence in gender was analyzed. Total 256 differentially expressed genes and 2 lncRNAs were found 
to be closely related with prognosis. PPI network was constructed with 222 nodes and 1464 edges. 
Two modules were divided from PPI network. Genes in module A were significantly enriched in 
cell cycle checkpoint, chromosome segregation, and mitotic cell cycle checkpoint. The module 
B was closely related with pyridine nucleotide metabolic process, nicotinamide nucleotide meta-
bolic process and carbon metabolism. Coexpression network revealed lncRNA H19 and lncRNA 
SNHG12 were significant nodes. SNHG12 was closely related with GO:0006260~DNA replication, 
GO:0055114~oxidation-reduction process and hsa00010: Glycolysis/Gluconeogenesis. H19 was 
enriched in GO:0006555~methionine metabolic process, and GO:0046655~folic acid metabolic 
process. The expression levels of TTK and CCNB1 were confirmed in other datasets. The expres-
sion of TTK and CCNB1 was significantly higher in the male group than in the female group. TTK, 
CCNB1 and lncRNA SNHG12 may be the biomarker associated with metastasis and prognosis of 
lung adenocarcinoma.
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Introduction

Lung cancer is originated from the uncontrolled cell prolif-
eration in lung tissues which can spread to other tissues by 
the process of metastasis. This cancer can be classified into 
two types such as small-cell lung carcinoma and non-small-
cell lung carcinoma (NSCLC) (Maxwell et al. 2019). NSCLC 
accounts for approximately 85–90% of lung cancer cases, 
which includes two major histological subtypes: squamous 
cell carcinoma and lung adenocarcinoma (Chang et al. 2015). 
Smoking is one of the risk factors for lung cancer. Although 
the incidence of lung cancer is declining in developed 
countries, with the increasing rate of smoking in developing 
countries, the incidence of lung cancer is expected to increase 
especially for China and India (Behera and Balamugesh 
2004; Zhang et al. 2011). Lung adenocarcinoma, as the most 
common histological subtype of NSCLC is closely related 
with high mortality and metastasis rate (Travis 2014). For 
the poor prognosis, the treatment for lung adenocarcinoma 
has been widely investigated. 

Gene alteration is implicated in the progression of can-
cers and studies about that drive the discovery of biomarkers 
for the diagnosis and treatment of lung cancer. Recently, 
Lathwal et al. (2020) performed an integrative analysis 
by screening for survival-associated genes of NSCLC 
from TCGA (The Cancer Genome Atlas) dataset. They 
constructed two prognostic gene signatures for squamous 
cell carcinoma and lung adenocarcinoma, respectively. Ad-
ditionally, based on the GEO (Gene expression omnibus) 
datasets, Ni et al. (2018) found that up-regulated TOP2, 
CCNB1, CCNA2, UBE2C and KIF20A in NSCLC tissues 
were associated with poor prognosis of NSCLC. In addition 
to mRNA, long noncoding RNAs (lncRNAs) are also found 
to be dysregulated in lung cancers and play a regulatory role 
in metastasis process of tumor cells (Jen et al. 2017; Xiang et 
al. 2017). It is reported that lncRNA MALAT1 (metastasis 
associated lung adenocarcinoma transcript 1) is overexpres-
seed in lung cancer cells and is the biomarker for predicting 
metastasis and prognosis of NSCLC (Ji et al. 2003). lncRNA 
ANRIL is reported to be overexpressed in lung cancer tis-
sues and served as the marker for predicting prognosis of 
NSCLC patients (Lin et al. 2015). Recent evidence suggests 
that lncRNA CAR10 (chromatin-associated RNA 10) is up-
regulated in lung tumor tissues and promotes the metastasis 
of lung adenocarcinoma cells (Ge et al. 2019). Despite the 
advances in exploring the pathogenesis of lung cancer, bio-
markers predicting the prognosis of lung adenocarcinoma 
have not been fully understood. 

Therefore, in this paper, we downloaded the lncRNA/
mRNA microarray data GSE101836 (Yu et al. 2017) associat-
ed with lung adenocarcinoma cell metastasis and re-analyzed 
the differentially expressed mRNAs and lncRNAs between 
highly metastatic and weekly metastatic lung adenocarcino-

ma cells. Different from that study, we also downloaded the 
mRNA/lncRNA expression profiles of lung adenocarcinoma 
and predicted the prognosis-associated genes and lncRNAs 
through survival analysis. The prognosis-associated gene-
lncRNA network was constructed. We aimed to explore the 
biomarkers associated with the metastasis and prognosis of 
lung adenocarcinoma. 

Materials and Methods

Microarray data acquiring

The lncRNA/mRNA expression profiles (GSE101836) pro-
duced from metastatic NSCLC cells were retrieved from 
the public GEO repository (Ashburner et al. 2000) (https://
www.ncbi.nlm.nih.gov/gds/?term=) at NCBI (National 
Center for Biotechnology Information) database. There were 
total 6 samples, including 3 SPC-A-1sci (highly metastatic) 
and 3 SPC-A-1 (weakly metastatic) cells. The platform was 
GPL17843 Agilent-042818 Human lncRNA Micorarray 
8_24_v2. 

Data preprocessing and differential expression analysis

The raw data were downloaded and preprocessed by 
Limma package (Smyth 2005), including background 
correction, normalization, and concentration predic-
tion. The expression values of mRNA and lncRNA were 
calculated based on the annotation information of probes. 
Differential expression analysis between SPC-A-1sci and 
SPC-A-1 samples was performed with the application of 
limma package. Classic Bayes test and Benjamini/Hoch-
berg method were used for correction. lncRNA or mRNA 
with adjust p value < 0.05 and |log2 FC (fold change) | > 2 
were considered as differentially expressed (dif ) gene. 
Heatmap of dif-mRNAs and lncRNAs were visualized by 
pheatmap (Kolde and Kolde 2015) (version: 1.0.10, https://
cran.r-project.org/web/packages/pheatmap/index.html) 
in R package. 

Survival analysis

The data of lung adenocarcinoma samples with prognostic 
information were downloaded from TCGA database. The 
expression values and clinical information of dif-lncRNA 
and dif-mRNA (gene) were captured. The samples were 
classified into high expression and low expression groups 
based on the median expression value of a given lncRNA 
or gene. The Kaplan-Meier survival curves were analyzed 
by Survival analysis (Therneau and Lumley 2011) (version: 
2.42-6, https://cran.r-project.org/web/packages/survival/
index.html) in R package with p < 0.05.
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 Functional analysis

The dif-mRNAs and dif-lncRNAs that significantly associ-
ated with prognosis were subjected to enrichment analysis 
of GO (Gene ontology) biologial process (BP) terms and 
KEGG (Kyoto Encyclopedia of Genes and Genomes) 
pathway (Kanehisa and Goto 2000) with the application of 
clusterprofiler package (Yu et al. 2012) (version 2.4.3, http://
bioconductor.org/packages/3.2/bioc/html/clusterProfiler.
html) in R package. The GO terms or pathways with p < 0.05 
and count ≥ 2 were considered to be significant. 

Prognosis associated PPI (protein-protein interaction) 
network analysis

The interactions between the dif-mRNA encoding proteins 
were predicted by STRING analysis (Szklarczyk et al. 2010) 
(version 10.0, http://www.string-db.org/) with PPI score 
(median confidence) ≥ 0.4. Cytoscape software (Shannon et 
al. 2003) (version 3.2.0, http://www.cytoscape.org/) was used 
for PPI network construction. The significantly clustered 
modules were divided by MCODE plugin to Cytoscape (Ban-
dettini et al. 2012) (version 1.4.2, http://apps.cytoscape.org/
apps/MCODE). The modules with score ≥ 5 were captured. 
Then, the function and pathway related with module genes 
were analyzed with p < 0.05 and count ≥ 2. 

Coexpression analysis of prognosis associated lncRNA and 
mRNA analysis 

The Pearson correlation coefficient between prognosis-
associated lncRNA and mRNA was calculated. lncRNA-
mRNA coexpression pairs with r > 0.99 and p < 0.05 were 
collected. The lncRNA-mRNA coexpression network was 
constructed. The lncRNA associated function and pathways 
were further analyzed. 

Data validation

UALCAN (http://ualcan.path.uab.edu/) is a comprehensive, 
and interactive web resource for analyzing cancer OMICS 
data (Chandrashekar et al. 2017). In this study, the expres-
sions of several key genes in different grades (N0: no regional 
lymph node metastasis; N1: metastases in 1 to 3 axillary 
lymph nodes; N2: metastases in 4 to 9 axillary lymph nodes; 
and N3: metastases in 10 or more axillary lymph nodes) were 
analyzed in UALCAN tool based on the lung adenocarci-
noma samples from TCGA database. 

Additionally, GSE126548 and GSE17475 were included to 
validate the expression levels of key genes between metastatic 
and non-metastatic samples. In GSE126548, there were 6 
NSCLC patients (3 with bone metastases (BM+) and 3 with-
out metastasis (BM−)). GSE17475 included 28 patients with 

lung adenocarcinoma, of whom 12 had no metastasis and 
16 had lymph node metastasis. 

Furthermore, we combined the OS prognostic informa-
tion of TCGA lung adenocarcinoma patients and performed 
univariate Cox regression analysis for age, gender, patho-
logic M, pathologic N, pathologic T, tumor stage, and the key 
genes. Then the prognostic correlation factors were further 
performed multivariate Cox regression.

Difference in gender

There has been a growing interest in the possible differences 
in the presentation of lung cancer in women compared with 
men. Thus, in this study, we also analyzed the survival dif-
ferences and the expression differences of key genes between 
male and female based on the TCGA lung adenocarcinoma 
datasets. Survival Kaplan-Meier curve in R3.6.1 was used to 
evaluate the prognostic correlation between male and female. 

Results

RNAs with differential expression

Based on the threshold value, 1457 dif-mRNAs (64 up-reg-
ulated and 1393 down-regulated ones) and 119 dif-lncRNAs 
(19 up-regulated and 100 down-regulated lncRNAs) were 
obtained. The heatmap illustrated that the SPC-A-1sci and 
SPC-A-1 samples were clearly distinguished based on the 
expression profile of dif-mRNAs (Fig. 1A) and dif-lncRNAs 
(Fig. 1B). 

Survival analysis 

In order to explore the mRNAs or lncRNAs closely associated 
with prognosis, the Kaplan-Meier survival curve analysis 
was performed. The expression signature of 256 mRNAs 
were associated with prognosis including 11 up-regulated 
mRNAs and 245 down-regulated mRNAs. Two down-
regulated lncRNAs (H19 and SNHG12) were identified to 
be associated with prognosis.

Significant GO function and pathways for prognosis-associ-
ated genes 

The up-regulated mRNAs were significantly enriched in 5 
GO-BP terms, such as regulation of apoptotic signaling path-
way (GO:2001233), extrinsic apoptotic signaling pathway 
(GO:0097191) and positive regulation of apoptotic signal-
ing pathway (GO:2001235). No pathways were significantly 
overrepresented by up-regulated mRNAs. 

The down-regulated mRNAs were closely related with 34 
KEGG pathways and 558 GO-BP terms, such as glyoxylate 
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and dicarboxylate metabolism (hsa00630), pentose phos-
phate pathway (hsa00030), organelle fission (GO:0048285) 
and nuclear division (GO:0000280). The top 10 GO terms 
and pathways were displayed in Figure 2. 

PPI network and modules

The PPI network consisted of 1464 interactions connect-
ing 222 nodes (Fig. 3A). With the application of MCODE 
plugin, two modules with score ≥ 5 were captured as mod-
ule A (score = 30.848) and module B (score = 6.5). Mod-
ule A was comprised of 34 nodes and 509 edges (Fig. 3B) 
and module B contained 13 nodes and 39 interaction pairs 
(Fig. 3C). CCNB1 (cyclin B1) had the highest degree among 
the upregulated genes in module A and TTK (threonine and 
tyrosine kinase) had the highest degree among the down-
regulated genes in module A. PRDX6 (peroxiredoxin 6) had 
the highest degree in module B. The module A genes were 
primarily enriched in cell cycle, DNA replication related 
pathways and chromosome segregation, cell cycle checkpoint 
related GO-BP terms (Fig. 4A and B). The genes in mod-
ule B were closely related with the pathways of glycolysis/
gluconeogenesis, central carbon metabolism in cancer and 
GO functions of pyridine nucleotide metabolic process and 
nicotinamide nucleotide metabolic process (Fig. 4A and B). 

lncRNA-mRNA coexpressed network 

All the prognosis-associated genes and lncRNAs were sub-
jected to coexpression analysis. Total 129 lncRNA-mRNA 
interaction pairs were obtained and the coexpressed network 
was constructed with 101 nodes containing 2 lncRNAs 
and 99 genes (Fig. 5). lncRNA H19 and lncRNA SNHG12 
were the significant nodes in coexpression network. GO 
function and pathway analysis showed that target genes of 
SNHG12 was significantly enriched in 5 KEGG pathways 
and 7 GO-BP terms such as GO:0006260~DNA replica-
tion, GO:0000082~G1/S transition of mitotic cell cycle and 
hsa00010:glycolysis/Gluconeogenesis pathway. H19 was 
closely related with GO:0006555~methionine metabolic pro-
cess, GO:0046655~folic acid metabolic process, hsa01130: 
Biosynthesis of antibiotics and hsa04115: p53 signaling 
pathway (Fig. 6). 

Expression levels of key genes in different grades

The expression levels of TTK, CCNB1 and lncRNA SNHG12 
in lung adenocarcinoma based on nodal metastasis status are 
shown in Figure 7A. The results showed that TTK had the 
highest expression in N3. For SNHG12, higher expression 
was found in N0 compared with N1 and N2. For CCNB1, 

Figure 1. The heatmap for differentially expressed genes and differentially expressed lncRNAs. The samples between groups are distin-
guished clearly based on the expression profile of differentially expressed genes (A) and differentially expressed lncRNAs (B). For color 
figure see online version of the manuscript.
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higher expression was found in N2 compared with N3. 
Thus, the results were in consistent with the analysis above. 

Expression levels of key genes between metastatic and 
non-metastatic samples

The expression differences of TTK, CCNB1 and lncRNA 
SNHG12 in the metastatic vs. non-metastatic groups were 
detected, and a  box diagram was drawn (Fig. 7B). It can 
be seen that in both datasets, the expression of TTK in the 
bone metastasis or lymph node metastasis group showed 
an upward trend compared with the non-metastasis group, 
while the expression of CCNB1 in the bone metastasis group 
showed a downward trend compared with the non-metasta-
sis group, consistent with the results of the original analysis.

Independent prognostic factors screening

Univariate Cox regression analysis revealed that all of 
pathologic M, pathologic N, pathologic T, tumor stage, 
TTK, CCNB1 and lncRNA SNHG12 were prognostic fac-
tors. We further included these factors into the multivariate 
Cox regression analysis. As shown in Figure 8, pathologic 
M, pathologic N and CCNB1 were independent prognostic 
factors.

TTK, CCNB1 and SNHG12 were taken as explanatory 
variables, and OS status was taken as response variable to 
construct the support vector machine (SVM) model. Then 
the ROC (receiver operating characteristic) curve was plot-
ted, as shown in Figure 8. The AUC (area under the curve) 
reached 0.647, showing a good prognostic prediction ability.

A

B

Figure 2. Top 10 GO function (A) and pathways (B) for prognosis associated genes. 
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Figure 3. Protein-protein interaction network (A), module A (B) and module B (C). Circle, up-regulated genes; rhombus, down-regulated 
genes; node size represents the node degree.

A

B
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Difference in gender

There was no significant difference in survival prognostic 
information between males and females (Fig. S1A in Sup-
plementary material) in lung adenocarcinoma. The correla-
tion between TTK, CCNB1 and SNHG12 and gender was 
further detected. As shown in Figure S1B, the expression of 
TTK and CCNB1 was significantly higher in the male group 

than in the female group. There was no significant difference 
between males and females for SNHG12.

Discussion 

Lung adenocarcinoma is the most common type of lung 
cancer with 80% incidence of all lung cancers (Lu et al. 

Figure 4. The significant pathways (A) and GO terms (B) for modules. 

A

B
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Figure 5. LncRNA-mRNA interaction net-
work. Rhombus represents gene and hexagon 
represents lncRNA. 

Figure 6. The significant KEGG pathways and GO functions for H19 and SNHG12.
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2010), which is closely related with metastasis and poor 
prognosis. Histopathology is necessary for cancer diagnosis, 
while it is inadequacy for predicting disease progression and 
prognosis of lung adenocarcinoma (Beer et al. 2002). The 
gene expression profile analysis based on microarray data 
facilitates the discovery of biomarkers for patient survival 
prediction in lung adenocarcinoma. Here, in this paper, we 
utilized the lncRNA/mRNA expression profiles of NSCLC 
cells to identify the biomarkers for predicting metastasis and 
prognosis of lung adenocarcinoma patients. 

PPI network was constructed for genes with differen-
tial expression. Our data showed that CCNB1 and TTK 
were the significant nodes in PPI network and both of 
the genes were clustered in module A. CCNB1 encoding 
cyclin B1 protein is a member of conserved cyclin family 
that plays a regulatory role in cell cycle (Milatovich and 
Francke 1992). The function and pathway analysis showed 
that CCNB1 was involved in cell cycle related biological 
processes, such as cell cycle checkpoint and chromosome 
segregation, which was according to the previous report 
(Li et al. 2013). The genetic polymorphisms of CCNB1 was 
found to be related with the susceptibility, progression, and 
survival of breast cancer in Han Chinese (Li et al. 2013). 

CCNB1 has been proposed to be the marker for predict-
ing prognosis of patients with ER+ breast cancer (Ding et 
al. 2014). In addition, the down-regulation of CCNB1 is 
closely related impaired cell proliferation and tumor growth 
of colorectal cancer (Fang et al. 2014). Besides, the previous 
gene expression profiling analysis showed that cell cycle 
genes such as CCNB1 were altered at the early stage of lung 
adenocarcinoma (Singhal et al. 2003). Previous evidences 
have showed that CCNB1 expression is associated with 
tumor progression and prognosis of lung adenocarcinoma 
(Park et al. 2018; Liu et al. 2019). Our survival analysis also 
showed CCNB1 was a prognosis associated gene and was 
expected to be a biomarker for predicting prognosis of lung 
adenocarcinoma. 

TTK, also known as Mps1 (monopolar spindle1), is the 
core component of spindle assembly checkpoint, which plays 
a key role in chromosomes allocation. TTK has been found to 
be overexpressed in several types of human cancers, such as 
glioma, breast cancer, and colon cancer (Xie et al. 2017). It is 
reported that TTK protein was significantly up-regulated in 
liver tumor tissues compared with adjacent normal hepatic 
tissues (Miao et al. 2016). TTK expression inhibition by TTK 
siRNA significantly suppressed the liver tumor growth and 

Figure 8. Random forest plot and ROC curve.
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the spread of tumor cells. Targeting TTK has been proposed 
to be an adjunct therapy for liver cancer. In addition, TTK has 
been found to be specially overexpressed in triple-negative 
breast cancer, a aggressive subtype of breast cancer (Maire 
et al. 2013). The expression of TTK has been determined to 
evaluate the prognosis of colon and breast cancer (Reinhard 
et al. 2009; Xu et al. 2016). Although the role of TTK in 
cancers has been widely reported, the studies about TTK in 
lung adenocarcinoma are limited. In this paper, TTK was 
found to be a prognosis-associated gene and prominently 
enriched in cell cycle checkpoint, chromosome segregation. 
We suggested that TTK was involved in cell proliferation and 
may be the biomarker for predicting the prognosis of lung 
adenocarcinoma. 

In addition, lncRNA-mRNA interaction network showed 
that CCNB1 was a target for lncRNA SNHG12 which was 
the most significant node in lncRNA-mRNA network. 
A recent study suggested that SNHG12 mediated oxygen-
glucose deprivation and induced reoxygenation damage 
in neurons underlying ischaemic stroke. Our function 
enrichment analysis showed that SNHG12 was closely re-
lated with GO:0055114~oxidation-reduction process and 
hsa00010:Glycolysis/Gluconeogenesis pathway. Our find-
ings may explain the role of SNHG12 in ischaemic stroke, 
which suggested that our findings were significant. Besides, 
SNHG12 was also involved in GO:0006260~DNA replication 
and GO:0000082~G1/S transition of mitotic cell cycle, which 
suggested that SNHG12 could regulate the cell proliferation. 
Recent evidences show that lncRNA SNHG12 promotes 
proliferation and metastasis of osteosarcoma and papillary 
thyroid carcinoma (Ding et al. 2018; Zhou et al. 2018), which 
was consistent with our findings. The oncogenic role of 
lncRNA SNHG12 is also determined in cervical cancer (Jin et 
al. 2019) and prostate cancer (Song et al. 2019). However, the 
prognostic role in lung adenocarcinoma has been reported 
rarely. In this paper, survival analysis showed that lncRNA 
SNHG12 was closely associated with prognosis. Thus, we 
suggested lncRNA SNHG12 as a biomarker for prognosis 
of lung adenocarcinoma.

There was no clinical samples to verify our results, which 
was a limitation of our study. Thus, in order to validated our 
analysis results, we combined the TCGA dataset and another 
three GEO dataset to detect the expression levels of TTK, 
CCNB1 and lncRNA SNHG12 in different grades, between 
metastatic and non-metastatic groups. The results showed 
that TTK had the highest expression in N3. For SNHG12, 
higher expression was found in N0 compared with N1 and 
N2. For CCNB1, higher expression was found in N2 com-
pared with N3. The results suggested that TTK and CCNB1 
presented higher expression in higher tumor grade, while 
SNHG12 had a lower expression in higher tumor grade. Ad-
ditionally, the expression of TTK in the bone metastasis or 
lymph node metastasis group showed an upward trend com-

pared with the non-metastasis group, while the expression of 
CCNB1 in the bone metastasis group showed a downward 
trend compared with the non-metastasis group, consist-
ent with the results of the original analysis. Furthermore, 
pathologic M, pathologic N and CCNB1 were independent 
prognostic factors of lung adenocarcinoma, while age and 
gender factors did not affect the prognosis.

In recent years, the impact of gender differences on lung 
cancer has attracted much attention. It has been reported 
that there is a narrowing of male–female gap in lung cancer 
rates over the past five years, with rates falling for men (9.2%) 
and rising for women (6.0%) (Carioli et al. 2020). In the 
present study, we found that there was no significant differ-
ence in survival prognostic information between males and 
females. A recent study showed that there was no statistically 
significant association between sex and overall survival in 
over 13,000 patients with solid tumors treated by anti-PD-
L1 checkpoint inhibitors from 23 randomized clinical trials 
(Wallis et al. 2019). However, our study did not consider the 
treatment strategy. Additionally, we found that the expres-
sion of TTK and CCNB1 was significantly different between 
males and females. Recently, Mederos et al. (2020) reviewed 
the gender differences in lung cancer and they concluded that 
genetic and biological difference between men and women 
could explain the disparity in incidence and mortality of lung 
cancers, but much remains unanswered. In conclusion, the 
mRNA and lncRNA expression profile revealed the differ-
entially expressed mRNAs and lncRNAs based on microar-
ray data. TTK and CCNB1 were differentially expressed in 
high metastatic lung adenocarcinoma cells and they were 
the significant nodes in PPI network. lncRNA SNHG12 was 
identified to be the differentially expressed lncRNA in lung 
adenocarcinoma cells and was a core node in coexpression 
network. TTK, CCNB1 and lncRNA SNHG12 were proposed 
to be the biomarker for the metastasis and prognosis of lung 
adenocarcinoma. 
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Figure S1. The survival differences (A) and the expression differences of key genes (B) between male and female based on the TCGA 
lung adenocarcinoma datasets.


