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Abstract. – BACKGROUND: Lung adenocarci-
noma (LAC) is the most frequent histologic type of
lung cancer and rates of adenocarcinoma are in-
creasing in most countries. Recently, several mole-
cular markers have been identified to predict LAC.
However, more prognostic makers and the underly-
ing role of those makers are still imperative.

AIM: In this study, our objective was to identify a
set of discriminating genes that can be used for
characterization and prediction of response to LAC.

MATERIALS AND METHODS: Using the bioinfor-
matics analysis method, we merged two LAC
datasets-GSE2514 and GSE7670 to find novel target
genes and pathways to explain the pathogenicity.

RESULTS: The results showed that EDNRB (en-
dothelin receptor type B), ADRB2 (beta-adrenergic
receptor), S1PR1 (sphingosine-1-phosphate recep-
tor 1), P2RY14 (PsY purinoceptor 14), LEPR (leptin-
receptor), GHR (growth hormone receptor), PPM1D
(protein phosphatase-1D), and GADD45B (growth
arrest and DNA-damage-inducible, beta) have high
degrees in response to LAC. Additionally, EDNRB,
ADRB2, S1PR1, P2RY14, LEPR, and GHR may be
involved in LAC through Neuroactive ligand-recep-
tor interaction, but PPM1D and GADD45B may be
through p53 signaling pathway. Some of our predic-
tion had been demonstrated by previous reports,
such as ADRB2, S1PR1, GHR, PPM1D, and
GADD45B.Therefore, we hope our study could lay a
basis for further study of other target genes, such
as EDNRB, P2RY14, and LEPR.

CONCLUSIONS: It is effective to identify poten-
tial molecular marker for LAC and predict their un-
derlying functions by bioinformatics analysis and
graph clustering method. However, further experi-
ments are still indispensable to confirm our con-
clusion.
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Introduction

Lung cancer is the most common cancer as
well as the leading cause of cancer-related deaths
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in most countries. Among the four major histo-
logical types, adenocarcinoma is the predominant
type in recent years1. Despite advances in treat-
ment, the 5 year overall survival rate is approxi-
mately 15.7%2. Therefore, it is essential to identi-
fy specific molecular markers for lung adenocar-
cinoma (LAC) to improve early prediction3.

To date, several tumor markers have been stud-
ied for detection of LAC, such as Ets-14, Kruppel-
like factor 6 (KLF6)5, Eukaryotic initiation factor
4E (eIF4E)6, Nectin-like molecule-5 (Necl-5)7,
and Histone deacetylase inhibitors (HDACis)8,9,
which all have been demonstrated as poor prog-
nostic makers for LAC. The higher levels of their
expression were correlated with poorer
histopathological differentiation, higher patholog-
ical stage and clinical stage, and a higher inci-
dence of hematogenous metastasis. And the 5
year disease-free survival rate in patients with
positive their overexpression was significantly
poorer than among those expressing lower levels.
In addition, there are some molecular markers
identified for good prognosis of LAC, such as
Runt-related transcription factor 3 (RUNX3)10,
estrogen receptor11, and some chemokine recep-
tors12,13. The high expression of them was signifi-
cantly correlated with an increasing disease-free
survival in LAC patients.

However, more molecular markers of lung
adenocarcinoma are still on demand. Bioinfor-
matics analysis provides a powerful tool for ana-
lyzing microarray experiments by combining da-
ta from multiple studies. The Bioconductor pack-
age RankProd provides a new and intuitive tool
for this purpose in detecting differentially ex-
pressed genes under two experimental
conditions14. Thus, in this study, we aimed to use
the meta-analysis to detect more differentially
expressed genes and then used the graph-cluster-
ing approach to further identify gene expression
profiles that distinguish lung tumors from normal
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lung samples. And the relevant pathways in the
cluster are also analyzed to explain potential
mechanisms in response to LAC.

Materials and Methods

Bioinformatics Analysis for the
Expression Profiles and Differentially
Expressed Genes (Degs) Analysis

Two LAC related expression profiles
GSE2514 and GSE7670 were obtained from a
public functional genomics data repository
GEO (http://www.ncbi.nlm.nih.gov/geo/) which
are based on the Affymetrix Human Genome
U95 Version 2 Array and Affymetrix Human
Genome U133A Array, separately. In this study,
total 48 lung tumors and 47 controls were se-
lected respectively to identify different ex-
pressed genes.

Statistical Analysis
For the GSE2514 and GSE7670 datasets, the

RankProd package was used to identify DEGs.
The DEGs only with a percentage of false-posi-
tives (PFP)14 ≤ 0.05 were considered differential-
ly expressed between treatments and controls.

To demonstrate the potential connection be-
tween DEGs, the Spearman rank correlation (r)
was used for comparative target genes correla-
tions. The significance level was set at r > 0.9
and fdr < 0.05. All statistical tests were per-
formed with the R program (http://www.r-pro-
ject.org/).

Network Analyses and Graph Clustering
To identify co-expressed groups we used DP-

Clus15. A graph clustering algorithm that can
extract densely connected nodes as a cluster. It
is based on density-and periphery tracking of
clusters. DPClus is freely available from
http://kanaya.naist.jp/DPClus/. In this study, we
used the overlapping-mode with the DPClus set-
tings. We set the parameter settings of cluster
property cp; density values were set to 0.516.

Pathway Enrichment Analysis
The Pathway17 database records networks of

molecular interactions in the cells, and variants
of them specific to particular organisms
(http://www.genome.jp/kegg/). The DAVID18 was
used to identify over-represented pathways. The
p-value < 0.01 was as the significant.
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Results

Differently Genes Selection and
A Correlation Network Construction

In order to screen the differentially expressed
genes, we downloaded publicly available microarray
data sets GSE2514 and GSE7670 from GEO. In the
microarray analysis, the differentially expressed
genes (DEGs) with the fold change > 2 and p-value
< 0.05 were selected. 340 genes from GSE2514 and
1585 genes from GSE7670 were selected as DEGs.
Using the RankProd packages for meta-analysis, 5
up-regulated genes and 1025 down-regulated genes
with a percentage of false-positives (PFP) < 0.01
were considered differentially expressed. At last,
1030 DEGs were collected after the meta-analysis.

To get the relationships among DEGs, the co-
expressed value r = 0.9 and corrected p-value =
0.01 was chosen as the cut off value. Finally,
4509 relationships among 377 DEGs were con-
structed a correlation network (Figure 1).

Graph Clustering Identifies
Modules Significantly Enriched
in Biochemical Pathways

At r > 0.9, DPClus15 identified 4 clusters, in the
correlation network (Figure 1) for response to
LAC; They ranged in size from 17 to 96 genes.
Each cluster has the connection between each oth-
er. Graph clustering results are presented in Figure
2. To assess the significance of the clusters, we
used the over-represented pathways (also called
pathway enrichment analysis) in the clusters. The
results of graph clustering with pathway enrich-
ment analysis were presented in Table I.

Significant GO Terms (p-value 0.05 using hy-
pergeometric test) were related with Neuroactive
ligand-receptor interaction (hsa04080) and p53 sig-
naling pathway (hsa04115) (Table I). EDNRB (en-
dothelin receptor type B), ADRB2 (βadrenergic re-
ceptor), S1PR1 (sphingosine-1-phosphate receptor
1), P2RY14 (PsY purinoceptor 14), LEPR (leptin-
receptor), GHR (growth hormone receptor) en-
riched in the Neuroactive ligand-receptor interac-
tion (in Cluster 1 and 4) and PPM1D (protein phos-
phatase-1D), GADD45B (growth arrest and DNA-
damage-inducible, beta) enriched in p53 signaling
pathway (in Cluster 3) (not displayed in Table I).

Discussion

According to our analysis results, we could
find that 1030 DEGs have been identified by our
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Figure 1. Correlation network of LAC. The point stands for DEG and the blue line strands for the correlation of two neighbor
points with the r > 0.9.

Figure 2. Graph clustering of correlated modules in LAC (threshold r ≥ 0.9).
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meta-analysis and a correlation network was con-
structed to produce 4509 relationships among
377 DEGs. Further, those 377 DEGs were clus-
tered into four clusters through graph clustering
method in response to LAC. Among them, the
genes of cluster 1 and 4 may be involved in LAC
development by Neuroactive ligand-receptor in-
teraction, but the genes in cluster 3 were mainly
associated with LAC progression through p53
signaling pathway. Therefore, we would discuss
the relationships between LAC and some identi-
fied genes as follows based on previous reports.

EDNRB, ADRB2, S1PR1, and GHR genes be-
long to cluster 1 and 4. P2RY14 and LEPR were
also classified into cluster 1. There was some evi-
dence that ADRB2, S1PR1, and GHR were relat-
ed with LAC by interaction with their corre-
sponding ligands. For example, activation of type
I IL-1 receptors in A549 cells leads to a cell den-
sity-dependent, selective up-regulation of
ADRB2, and that the mechanism of this effect
involves increased formation and stability of the
ADRB2 mRNA19. However, further study found
ADRB2 expression and its functional coupling to
adenylyl cyclase was not very high in the A549
cell lines, but in Calu-3 (caucasian lung, adeno-
carcinoma cultured) and 16HBE14o (16 human
bronchial epithelium cell line)-cell, suggesting
that the cell lines Calu-3 and 16HBE14o- present
suitable models to study function and regulation
of the β-adrenoceptor signalling in the respirato-
ry system20. In addition, significant association
was observed between LAC risk and ADRB2
SNP or their combined haplotypes, including G-
1023A, A46G (Gly16Arg), and the haplotype
A−1023A46 in the subgroup of young subjects ≤ 50
years old21.

Sphingosine1-phosphate (S1P), a potent lipid
mediator produced from the metabolism of
sphingomyelin, is involved in the regulation of a
number of biological activities, such as cell mi-
gration, proliferation, cytoskeleton reorganiza-
tion, etc22,23. Such responses require the function
of S1P G protein-coupled receptors S1P1, which
was originally isolated as an inducible gene from

endothelial cells24. The sphingosine 1-phosphate
(S1P) receptor-1 (S1P < 1) has also been demon-
strated to involve in stabilization of nascent
blood vessels that is critical for step for the LAC
growth and spread25.

Recent observations revealed that the growth
hormone receptor (GHR) might play important
roles in LAC development by interaction with
growth hormone in human lung epithelial cells26.
And the Thr495Pro polymorphism of GHR was
found strongly associated with lung cancer risk in
Caucasians living in the UK and Chinese people27.

Although there was no report of EDNRB,
P2RY14, and LEPR involved in LAC, they all have
been demonstrated play an important role in other
cancers, such as nasopharyngeal carcinoma28,
prostate adenocarcinoma29, endometrioid endome-
trial adenocarcinoma30, breast cancer31,32. There-
fore, they may be also potential makers for LAC.

Besides, PPM1D and GADD45B were two
genes that clustered into cluster 3. PPM1D (protein
phosphatase-1D) is a wild-type p53-induced protein
phosphatase 1 that has been established with onco-
genic functions in gastric carcinoma33, breast can-
cer34, and ovarian clear cell carcinomas35. Current
evidence suggests that PPM1D has significant
value for tumor progression and the clinical
prognosis of patients with primary LAC. In-
creased PPM1D expression was observed in
64.3% of the LAC cases. PPM1D expression was
found to be correlated significantly with two
clinicopathological factors: γ-H2AX expression,
and invasion to the pulmonary vein. Increased
PPM1D expression was significantly associated
with a lower overall survival rate. The Ki67 in-
dex level was also higher in the Wip1-positive
group than in the negative group36.

GADD45B is a member of evolutionarily con-
served, small, acidic, nuclear protein family, which
have been implicated in terminal differentiation,
growth suppression, and apoptosis through specifi-
cally interaction with the Cdk1/CyclinB1 complex.
A novel synthetic retinoid 6-[3-(1-adamanty1)-4-
hydroxyphenyl]-2-naphthalene carboxylic acid
(AHPN) has been shown to inhibit LAC cell

Category Term Description p-value FDR

Cluster 1 hsa04080 Neuroactive ligand-receptor interaction 0.020516 0.545121
Cluster 2
Cluster 3 hsa04115 p53 signaling pathway 0.077638 0.620844
Cluster 4 hsa04080 Neuroactive ligand-receptor interaction 0.001169 0.009317

Table I. List of enriched pathways in cluster1 to 4 detected by DPClus.
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growth and induce apoptosis. After treatment with
AHPN, there was a rapid increase in the level of
GADD45B mRNA. AHPN increases the half-life
of GADD45B mRNA by 9-fold, indicating that it
causes an increase in the stability of these mRNAs.
In brief, the inhibition of LAC cell growth by AH-
PN is accompanied by an increase in GADD45B
mRNA, and that this enhancement is regulated at a
post-transcriptional level37,38.

Conclusions

It is effective to identify potential molecular
marker for LAC and predict their underlying
functions by bioinformatics analysis and graph
clustering method. However, further experiments
are still indispensable to confirm our conclusion.
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