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Abstract: Objective: To investigate the pathway and the prognostic significance of differently expressed genes in 
NSCLC using a bioinformatics analysis. Methods: Up-regulated genes between cancer tissue and normal lung tis-
sue from NSCLC patients were screened in the Oncomine database. The overlapping up-regulated genes in all 
the datasets were included for further analysis. The Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEEG) databases were used to identify the genes’ biological functions and relevant pathways. The pro-
tein-protein interaction (PPI) network was constructed using the STRING database. And hub genes from the included 
genes were identified using cytoHubba. The correlation between gene expression and prognosis was evaluated us-
ing the Kaplan-Meier Plotter database. Results: Twelve up-regulated genes were finally identified (PYCR1, TOP2A, 
KIAA0101, COL11A1, TPX2, ZWINT, MELK, CCNB1, TK1, UBE2C, PAICS, KDM5B). These genes were enriched in the 
positive regulation of the apoptotic process, nucleus and ATP binding in terms of the biological process (BP), cellular 
component (CC), and molecular function (MF) respectively. The KEGG pathway analysis indicated the 12 genes were 
enriched in the signal pathway of the cell cycle. CCNB1 was identified from the PPI network as the hub gene which 
can lead to uncontrolled cell growth by binding to CDKs. All except for PAICS and KDM5B of the 12 included genes 
were found to be correlated with the patients’ overall survival (OS) and progression-free survival (PFS). Conclusion: 
PYCR1, TOP2A, KIAA0101, COL11A1, TPX2, ZWINT, MELK, CCNB1, TK1, and UBE2C were enriched in the positive 
regulation of the apoptotic process, nucleus, and ATP binding and were correlated with poor survival of NSCLC, and 
can be used as biomarkers for NSCLC patients’ prognoses. 
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Introduction

Lung cancer, including non-small cell lung can-
cer (NSCLC) and small cell lung cancer (SCLC) is 
the most common cause of cancer associated 
death [1, 2]. NSCLC is the main type of lung 
cancer, accounting for 70-80% of all lung can-
cers [2]. The general prognosis of NSCLC is 
poor because patients tend to be in an 
advanced stage when fist diagnosed [3, 4]. 
Chemoradiation is the main treatment method 
for advanced NSCLC patients [5-7]. One of the 
main reasons for the poor treatment response 
and prognosis is due to an unclear understand-

ing of the molecular mechanisms of lung can-
cer development and progression [8, 9]. 
Therefore, to elucidate the molecular mecha-
nisms of lung cancer development and its sig-
naling pathway is important for improving the 
treatment response and prognosis. With the 
development of molecular biology and bioinfor-
matics, lots of data from microarray and gene 
expression sequencing can be accessed from 
open gene expression databases [10, 11]. 
These databases provided us with free plat-
forms for lung cancer analysis, including carci-
nogenesis, metastasis, invasion, metastasis, 
prognosis, etc. 
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Figure 1. Up-regulated gene identification from the Oncomine database.

Figure 2. The heat map of the up-regulated 12 genes between cancer tissue and normal lung tissue of NSCLC 
(original data from GSE32863).

Table 1. GO and KEGG analysis of the identified 12 genes
Category Term Count P-value
GOTERM_BP_DIRECT Positive regulation of apoptotic process 2 8.6E-2
GOTERM_CC_DIRECT nucleus 6 9.7E-3
GOTERM_MF_DIRECT ATP binding 4 2.5E-2
KEGG_PATHWAY Cell cycle 6 3.0E-3
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Material and methods

Up-regulated gene screening 

Up-regulated genes between cancer tissue and 
normal lung tissue of NSCLC patients were 

Survival analysis

The overall survival (OS) and progression free 
survival (PFS) of NSCLC patients were analyzed 
using the Kaplan-Meier Plotter database [15]. 
The hazard ration (HR) and corresponding 95% 

Figure 3. The PPI network of the included 12 genes constructed using 
STRING.

screened in the Oncomine 
database (https://www.onco-
mine.org/resource/login.html) 
[11]. The gene identification 
criteria were as follows: The 
search terms were “non-small 
cell lung cancer”, and the can-
cer type was non-small cell 
lung cancer (adenocarcinoma 
of the lung and squamous cell 
lung carcinoma); the data type 
was mRNA; the sample size of 
the original studies was more 
than 100 subjects. The over-
lapping up-regulated genes in 
all the datasets were included 
for further analysis. 

Biological function and path-
way enrichment

The Database for Annotation, 
Visualization, and Integrated 
Discovery (DAVID) (https://
david.ncifcrf.gov/) [12] online 
analysis tool was used for bio-
logical function and pathway 
enrichment. All the included 
genes were put into the gene 
list and electronic searching 
was carried out in the homo 
specimen. 

PPI analysis

The STRING database (http://
string-db.org/cgi/input.pl) [13] 

was applied for a protein-pro-
tein interaction network analy-
sis. The network was constru- 
cted under the following condi-
tions: a minimum required in- 
teraction score of 0.4; active 
interaction sources of text min-
ing, experiments, databases, 
co-expression, neighborhood, 
gene fusion and co-recurrence; 
the maximum number of inter-
actors was no more than 50. 
The hub genes were identified 
using Cytoscape software [14].

Figure 4. The identified hub gene of the network using a cytoHubba analy-
sis.
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confidence interval (95% CI) were calculated be- 
tween the high expression and low expression 
groups. 

Results

Up-regulated genes identification

Twelve up-regulated genes were identified from 
7 comparisons of 5 studies in the Oncomine 
database when comparing cancer tissue to the 
normal lung tissue of the non-small cell lung 
cancer patients. All the selected 12 genes 
(PYCR1, TOP2A, KIAA0101, COL11A1, TPX2, 
ZWINT, MELK, CCNB1, TK1, UBE2C, PAICS, 
KDM5B) were highly expressed in all 5 studies 
(Figure 1). The differentially expressed genes 
between NSCLC cancer tissue and lung normal 
tissue are shown in Figure 2 from GSE 32863 
[16].

GO and KEGG analysis 

For the gene ontology analysis, the included 12 
genes were enriched in the positive regulation 
of the apoptotic process, nucleus, and ATP 
binding in terms of the biological process (BP), 
cellular component (CC), and molecular func-
tion (MF) respectively. The KEGG pathway anal-
ysis indicated that the 12 genes were enriched 
in the signal pathway of the cell cycle See Table 
1. 

Protein-protein interaction network 

The protein-protein interaction network of the 
12 included genes was constructed by STRING. 

62 nodes and 1055 edges, and an average 
node degree of 34 was established in the 12 
up-regulated genes. The local clustering coeffi-
cient was 0.84 with the PPI enrichment p value 
of 1.0E-16 (Figure 3). One hub gene (CCNB1) 
from the 12 up-regulated genes was identified 
from the PPI network, which can lead to uncon-
trolled cell growth by binding to CDKs (Figure 
4). 

Correlation with prognosis

The correlation between gene expression and 
patients’ prognosis was analyzed using the 
Kaplan-Meier Plotter database (Table 2). Ten 
out of the 12 included genes were found to be 
correlated with the patients’ overall survival 
(OS), (Figure 5) and progression-free survival 
(DFS) (Figure 6). 

Discussion

In our present work, 12 up-regulated genes 
were ultimately included for further analysis in 
the aspects of biological function (biological 
process, cellular component, molecular func-
tion) and the KEGG pathway. These genes were 
generally enriched in the positive regulation of 
the apoptotic process, nucleus, and ATP bind-
ing in terms of the biological process (BP), cel-
lular component (CC), and molecular function 
(MF) respectively. The KEGG pathway analysis 
indicated the 12 genes were enriched in the 
signal pathway of the cell cycle. This gene func-
tion and pathway all correlated with cancer 
development or metastasis. Of the included 12 
genes, we found that, CCNB1 (Cyclin B1) was a 

Table 2. Correlation between included 12 expression and patients’ prognosis

Gene
Median 

OS(months) HR (95% CI) p-value
Median PFS 

(months) HR (95% CI) p-value
Low High Low High

PYCR1 77.6 61.2 1.22 (1.08-1.39) 0.0016 27.0 12.0 1.69 (1.39-2.06) 7.7e-8
TOP2A 92.97 47.00 1.55 (1.36-1.76) 1.6e-11 104.9 50.0 1.53 (1.26-1.86) 1.4e-5
KIAA0101 95.00 45.00 1.71 (1.15-1.94) 1.1e-16 104 52 1.59 (1.31-1.93) 1.7e-6
COL11A1 46.00 64.10 1.14 (1.01-1.30) 0.04 22.53 15.37 1.46 (1.2-1.77) 0.00011
TPX2 96.20 42.00 1.87 (1.64-2.12) P<1e-16 31.00 10.50 1.8 (1.48-2.18) 2.1e-9
ZWINT 87.70 47.63 1.50 (1.32-1.71) 3e-10 104.9 50.56 1.58 (1.3-1.91) 3.3e-6
MELK 92.60 47.63 1.60 (1.41-1.82) 3.6e-13 104.9 45.08 1.74 (1.43-2.11) 1.5e-8
CCNB1 96.00 44.00 1.77 (1.56-2.02) P<e-16 102.00 62.00 1.35 (1.12-1.64) 0.0019
TK1 125.77 45.47 2.07 (1.75-2.46) P<e-16 40.21 17.07 1.86 (1.41-2.45) 7.6e-6
UBE2C 96.2 44.94 1.77 (1.55-2.01) P<e-16 27.73 11.24 1.65 (1.36-2.00) 3.5e-7
PAICS 79.0 54.93 1.30 (1.14-1.47) 5.5e-5 84.00 88.77 1.11 (0.92-1.35) 0.27
KDM5B 69.01 70.30 1.04 (0.91-1.18) 0.57 102.00 70.27 1.22 (1.01-1.47)) 0.043
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Figure 5. The correlation between gene expression and patients’ overall survival (OS).
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Figure 6. The correlation between gene expression and patients’ progression free survival (PFS).
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hub gene of the whole protein-protein interac-
tion network constructed by the 12 included 
genes. The CCNB1 gene belongs to a highly 
conserved protein family [17, 18]. It is located 
on human chromosome 5 q13.2 and contains 
nine exons [19]. The protein encoded by CCNB1 
is a regulatory protein involved in mitosis. Zhou 
et al. found that CCNB1 was up-regulated in 
human pancreatic cancer and correlated with 
patients’ poor prognosis [20]. Kosacka and his 
colleagues evaluated the prognostic value of 
cyclin B1 expression in patients with resected 
non-small-cell lung cancer stage I-IIIA, a pre-
liminary report by immunohistochemical assay 
[21]. In their study, the authors revealed the 
prognosis was not correlated with cyclin B1 
expression in NSCLC. However, Soria [22] 
found cyclin B1 was up-regulated in NSCLC and 
its high expression correlated with poor prog-
nosis, which could be used as biomarker for 
prognosis. In our work, we found CCNB1 mRNA 
was up-regulated in cancer tissue compared to 
normal lung tissue and its high expression cor-
related with the short OS (HR=1.77, P<0.0001) 
and PFS (HR=1.35, P<0.001). 

Our results were in accordance with Soria’s 
results [22]. 

Conclusion 

PYCR1, TOP2A, KIAA0101, COL11A1, TPX2, 
ZWINT, MELK, CCNB1, TK1, and UBE2C are 
enriched in the positive regulation of the apop-
totic process, nucleus, and ATP binding and 
correlate with the poor survival of NSCLC pa- 
tients, and can be used as biomarker for NSCLC 
patients’ prognosis.
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