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Abstract: Lung cancer was a leading cause of cancer-related death, this study aimed to explore target genes and
specific biomarkers associated with the lung cancer for early diagnosis and treatment. Firstly, the gene expression
profile GSE32863 was downloaded from Gene Expression Omnibus database (GEO), which included 15 lung cancer
tissue samples and 10 normal lung tissue samples. In addition, the miRNA microarray profile GSE17681 with 10
lung cancer and 10 normal tissue samples was also downloaded. Then the probe-level data were pro-processed
by Significance Analysis of Microacrray (SAM), and the differentially expressed genes (DEGs) and miRNAs were
screened with multi-test package in R language. The selected DEGs were further subjected to functional enrichment
analysis using DAVID online tool. Following that, the verified target genes based on screened miRNAs were selected
from miRTarBase and miRecords databases. Then miRNA-target gene regulation network was constructed to iden-
tify symbolic miRNAs of lung cancer. miR-29a with target genes such as FGG and COL4A1, miR-7 with SLC7A5 and
miR-222 with ICAM-1 were found differentially expressed in lung cancer compared with the normal samples. The
discovery of meaningful miRNAs and their differentially expressed target genes has the potential to be used in clinic
for diagnosis and treatment of lung cancer.
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Introduction As detection of early lung cancer based
on symptoms was not very effective, so stu-
dying the pathogenesis of lung cancer and
exploring biomarker and new therapeutic

targets had important practical significance

Lung cancer was the most common cause of
cancer-related death worldwide especially in
industrialized countries, despite improvements

in diagnosis and therapy, the overall 5-year sur- [11].
vival was still 15% [1], possibly because lung
cancer was often diagnosed at advanced stage Several molecular markers associated with

and treatment options were limited. Smoking
was the major risk factor for lung cancer [2],
which can alter the activity of chemo-preven-
tive drugs [3, 4], stimulate the clearance of
selected targeted anticancer therapies [5],
reduce the efficacy of cancer treatment, and
increase the risk of second primary tumors.
Although other factors, such as environmental
exposure (e.g., chemicals, physical agents, and
radiation), clinical history of lung diseases (e.g.,
chronic bronchitis, emphysema, pneumonia,
and tuberculosis; ref. [6], familial tumor history
[7], or diet [8, 9], may also be associated with
the development of lung cancer [10].

lung cancer progression have been identified,
including TGF, MET, TP53, HIF1A, APC, KRAS,
EGFR and so on [12].

In recent years, MicroRNAs (MiRNAs) have
become a hot research topic. MiRNAs were
post-transcriptional regulators of gene expres-
sion [13]. The primary miRNA (primiRNA) was
transcribed from the genome by RNA poly-
merase |l and processed by Drosha, yielding
the precursor miRNA transcript [14]. It was
reported expression of at least 20-30% of
human protein-coding genes were modulated
by miRNAs [15].
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Studies found miR-486, miR-30d, miR-1 and
miR-499 from the serum may serve as nonin-
vasive predictors for the overall survival of
NSCLC [16]. With the penetrating study of
miRNA in complex diseases, it was found that
mMiRNA plays a great role during disease devel-
opment [17, 18]. A recent report indicated dis-
ease may be cured by importing exogenous
synthetic miRNA, therefore it was of great sig-
nificance to identify the disease-related miR-
NAs and take them as targets for future thera-
pies [19].

With the development of DNA microarray tech-
nology, it was now possible to screen many
genes with expression alterations simultane-
ously. As a global approach, DNA microarray
analysis was applied to investigate physiologi-
cal mechanisms in health and disease [20].
Gene expression profiling based on microar-
rays was a robust and straightforward way to
study the molecular features of cancer at a sys-
tem level.

In this study, we aimed to identify target genes
and specific biomarkers for identification and
treatment of lung cancer with DNA microarray,
and construct a miRNA co-expression network
using miRNA micro-array data obtained by high-
throughput means, so as to better understand
the molecular mechanisms and explore new
therapy strategies.

Materials and methods
Data resources and preprocessing

The gene expression profile GSE32863 [21]
was downloaded from GEO (Gene Expression
Omnibus  (http://www.ncbi.nlm.nih.gov/geo/)
database, which included 15 lung cancer tis-
sue samples from previously untreated patients
and 10 normal lung tissue samples, and miRNA
microarray profile GSE17681 [22] with 10 lung
cancer and 10 normal tissue samples was also
downloaded. The test platform was GPL570
(Affymetrix Human Genome U133 Plus 2.0
Array). The probe-level data in CEL files were
firstly converted into expression measures by
ReadAffy of Affy package of R software. Then,
we imputed the missing data [23] and normal-
ized the quartile data [24]. The probes without
gene annotation or having more than one gene
annotation were filtered out; the average value
of multiple probes corresponding to the same
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gene was calculated as a unique value of the
gene.

Screening of differentially expressed genes
(DEGs)

The multistep package [25] in R language was
used to identify DEGs between normal and lung
cancer tissues. The Benjamin and Hochberg
(BH) method [26] was used to adjust the raw
P-values into false discovery rate (FDR) so as
to avoid the multi-test problem which may
cause too many false positive results. The FDR
<0.05and |logFC| > 1 were used as the cut-off
thresholds.

Disease-related miRNA screening

Pearson correlation coefficients (that was co-
expression intensity values) for each two miR-
NAs could be calculated by formula, and then
miRNA co-expression networks were filtered
out through a given threshold 0.7. A specific
miRNA co-expression network was constructed
with expression profiles of miRNA.

Enrichment analysis for DEGs and disease-
related miRNA

DAVID (the Database for Annotation, Visuali-
zation and Integrated Discovery) was a soft-
ware with built-in rich graphical display, cluster-
ing the significant gene collections according to
their functions, and it had abundant public
database links [27]. The functional enrichment
analysis of specific DEGs was performed by
DAVID based on hypergeometric distribution
algorithm (P < 0.05).

If the set of disease-related miRNA screened
was M, a known disease-associated miRNA set
was N, fisher test was used to test whether the
screened disease-related miRNA could enrich
the already known miRNA based on P-value,
then DAVID was used to do GO [28] functions
and KEGG pathway enrichment analysis, so as
to validate the function of the screened miRNA.

Target gene selection of disease-related miR-
NAs

According to different algorithms, each miRNA
had different corresponding target genes. In
order to find target genes with high confidence
level, the mutual genes from two miRNA data-
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mas, small cell lung cancer, squamous cell carcinomas and normal tissue samples, respectively. B. The blue and pink columns represent miRNA expression profiles

Figure 1. Box graph of the standardized expression profile data. A. The blue, pink, orange and green columns represent gene expression profiles of adenocarcino-
of normal and unclassified lung cancer tissue samples, respectively.
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Table 1. The top ten miRNAs with significant differences

miRNA MDA_observe MDA_predict P_value
hsa-miR-32 0.835903 -0.07087 0
mmu-miR-486 0.847641 -0.02171 0
hsa-miR-520d-5p 0.850673 -0.01774 0
hsa-miR-1265 0.822457 -0.04277 0
hsa-miR-16 0.857515 0.00105 0
hsa-miR-369-5p 0.868527 0.018522 0
hsa-miR-31 0.855548 0.018323 0
hsa-miR-301a 0.846672 0.014547 0
hsa-miR-19a 0.860351 0.037397 0
hsa-miR-1298 0.850156 0.031328

Results

DEGs and disease-re-
lated miRNAs analysis

After data preprocess-
ing, we identified genes
differentially expressed
from the standardized
data (Figure 1). A total
of 1562 genes were sc-
reened as DEGs under
condition of FDR < 0.05

0 and |logFC| > 1, which

MAD (mean absolute distance): observe represents the MAD value calculated under nor-
mal state, MAD (mean absolute distance): predict represents the average MAD values of

miRNA calculated after 1000 times of disturbance.

Table 2. Gene Ontology enrichment terms of DEGs

including 897 down-reg-
ulated genes (for exam-
ple SUN1, SPTA1) and
665 up-regulated gen-
es (for example SH3-

Term

G0:0006928~cell motion
G0:0022604~regulation of cell morphogenesis
G0:0045664~regulation of neuron differentiation

G0:0051129~negative regulation of cellular component organization  0.0028

G0:0042330~taxis
G0:0006935~chemotaxis
GO:0050767~regulation of neurogenesis
G0:0007626~locomotory behavior

G0:0051960~regulation of nervous system development

GL3, HTT).
P-value
7.03E-04 25 miRNAs with signifi-
0.00209 cant differences were
0.002209 screened and the top10

miRNAs were listed in
Table 1. By enrichment

0.004293 analysis we found that
0.004293 the screened miRNA re-
0.004891 lated to lung cancer we-
0.005407 re enrichment of known
0.008129 miRNA (Fisher exact te-

bases (miRecords and miRTarBase) were scr-
eened as the target genes of miRNAs.

MiRecords was a database collecting target
interactions of animal miRNAs, including the
target genes verified by artificial collection ex-
periments [29]. MiRTarBase was also a data-
base which comprehensively collects miRNA
targets based on experimental verification [30].

Correlation analysis between DEGs and dis-
ease-related miRNAs

Target genes of disease-related miRNAs we-
re firstly corresponded to the screened DEGs.
According to the corresponding DEGs, unclassi-
fied miRNAs associ-ated with lung cancer were
categorized. Then miRNA-target gene regula-
tion network was constructed to determine
symbolic miRNAs of lung cancer. The reliabi-
lity score of interaction relations more than 0.4
was regarded as an index to screen the reliable
interaction relationship.
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st, P = 1.769e-07).
Enrichment analysis of specific DEGs

DAVID was utilized to do enrichment analysis of
specific DEGs, finally 9 GO functional nodes
were obtained, such as regulation of cell mor-
phogenesis, regulation of neuron differentia-
tion and negative regulation of cellular compo-
nent organization and so on, the results were
listed in Table 2. The Gene Ontology enrich-
ment map is shown in Figure 2.

Target gene screening of miRNAs and correla-
tion analysis with DEGs

The miRNAs information and the corresponding
target genes were downloaded from miRecords
and miRTarBase database. As shown in Table
3, the 38 screened target genes of differential-
ly expressed miRNAs and the common part
between target genes and DEGs were identified
successfully. Then the regulation network for
miRNA-target gene was constructed, the results
were presented in Figure 3.

IntJ Clin Exp Med 2017;10(2):2737-2745
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Figure 2. Gene ontology enrichment map. The function node in the frame was enriched with the most differentially

co-expressed genes.

We could see that hsa-miR-29a was differen-
tially expressed with target genes such as FGG
and COL4A1, has-miR-7 with its target gene
SLC7A5 and hsa-miR-222 with target gene
ICAM-1 were identified. In addition, enrichment
analysis of target gene function found that the
disease-related miRNAs were mainly associat-
ed with cell adhesion and metabolic, regulation
of cell morphogenesis, cell cycle process, regu-
lation of cell proliferation and so on, which indi-
cated that there was potential link between
lung cancer and these function changes of
miRNAs.

Discussion

Lung cancer was the leading cause of cancer-
related mortality worldwide and has become
the largest threat to human health [31, 32].
Therefore, there was an urgent need to explore
the mechanism of lung cancer and explore
novel potential diagnostic and therapeutic tar-
gets. In this study, we linked DEGs with the dis-
ease-related miRNAs and concluded that has-
miR-7 with SLC7A5, hsa-miR-222 with ICAM-1
and hsa-miR-29a with target genes such as
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FGG and COL4A1, etc. were differentially ex-
pressed in lung cancer, which indicated that
these target genes may be considered as
potential biomarkers for the early diagnosis
and future therapy of lung cancer caused by
smoking.

MIiRNA was a class of non-coding small RNA
molecules, with length of about 22 nucleotides.
It combined with 3 untranslated region of its
target gene through the silence complex RNA-
induced, leading to degradation of target mRNA
or preventing translation of target miRNA. Sin-
ce the first discovery of miRNA in C. elegans
(Caenorhabditis elegans) in 1993, a large num-
ber of studies have shown that miRNA can pa-
rt in cell growth, differentiation, proliferation,
apoptosis, stress response and other biological
processes by fine regulation of gene expres-
sion. With the deep study of complex diseases,
it was found miRNA plays an important role in
disease [19, 33].

It was reported Hsa-miR-7 played an important
role in apoptosis (ACIN1, BAD, CASP8, CRYAA,
GLO1, HSPA5, INHA, PCSK6, RELA, UBE4B),

Int J Clin Exp Med 2017;10(2):2737-2745
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Table 3. Differentially expressed miRNAs and
corresponding target genes

miRNA Target
hsa-miR-199b-3p KRT7
hsa-miR-222 ICAM1
hsa-miR-29a FGG
hsa-miR-29b FGG
hsa-miR-29¢ FGG
hsa-miR-7 SNCA
hsa-miR-29a BCL2
hsa-miR-29b BCL2
hsa-miR-29¢ BCL2
hsa-miR-210 CASP8AP2
hsa-miR-210 CBX1
hsa-miR-126 CCNE2
hsa-miR-29b COL1A1
hsa-miR-29¢ COL1A1
hsa-miR-29a COL4A1
hsa-miR-29b COL4A1
hsa-miR-29¢ COL4A1
hsa-miR-126 DNMT1
hsa-miR-29b DNMT1
hsa-miR-210 NCAM1
hsa-miR-29a PPM1D
hsa-miR-29a RAN
hsa-miR-7 SLC7A5
hsa-miR-129-5p SOX4
hsa-miR-29a SPARC
hsa-miR-29¢ SPARC
hsa-miR-29¢ SRSF10
hsa-miR-29¢ TDG
hsa-miR-19a TGFBR2
hsa-miR-30e UBE2I
hsa-miR-222 KIT
hsa-miR-29a GLUL

cell cycle (NUSAP1, STK11) and cell prolifera-
tion and differentiation (ALOX15B, TBX2) with
its target genes [34]. In addition, its target gene
SLC7A5 was part of a two-protein complex with
SLC3A2, the heavy chain of a neutral amino-
acid transporter implicated in nutrient trans-
port at the blood-brain barrier and has been
noted to be differentially expressed between
adeno- and squamous cell lung carcinomas
[35, 36]. SLC7A5S protein expression was posi-
tive in SCLC (small cell lung cancer) tumors
[37], and suppression of SLC7AS resulted in an
increasing percentage of transfected cells in
the G1 phase over time and a concomitant
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decrease in the percentage of cells in the G2/M
phase. Therefore we concluded that hsa-miR-7
cooperated with SLC7A5 to regulate in lung
cancer.

Hsa-miR-222 also found to play a critical role in
cell cycle and multiple biological processes
[38]. It has been reported to be involved in lung
cancer metastases in vitro [39] and significant-
ly down-regulated in the diseased serum sam-
ples [40]. ICAM-1 (Intercellular adhesion mole-
cule-1), one target gene of hsa-miR-222 identi-
fied in this study, was a cell adhesion molecule
with a key role in inflammation and immuno-
surveillance. It has been implicated in carcino-
genesis by facilitating instability of the tumor
environment [41] and increases significantly in
NSCLC (non-small cell lung cancer) patients
compared to healthy individuals [42]. The spe-
cific miRNAs and differentially expressed target
genes found in lung cancer may be unique
biomarkers.

Moreover, from GO enrichment analysis of
DEGs we found interleukin 6 (IL-6) and interleu-
kin 8 (IL-8), which were expressed in pre-malig-
nant epithelial cells, and their expression were
associated with a poor prognosis in lung cancer
patients [43, 44]. Evidence showed that inflam-
matory mediators contributed to the pathogen-
esis of many human cancers, including lung
cancer, as under inflammatory stress, IL-6 and
IL-8 participated in tumorigenesis by acting
directly on lung epithelial cells via signaling
through the nuclear factor of kappa light poly-
peptide gene enhancer in B-cells 1 (NFKB1)
pathway [45]. In addition, IL-6 and IL-8 were
expressed by lung cancer cells and acted in an
autocrine and/or paracrine fashion to stimulate
cancer cell proliferation [46, 47], migration,
and invasion [48].

To conclude, in the present study, we explored
the DEGs and differentially expressed miRNAs
of lung cancer caused by smoking, and com-
pared the DEGs with the target genes of the
miRNAs, the results showed that IL6, ILS,
COL4A1, ICAM-1 and so on may have potential
to be used as biomarkers for the early diagno-
sis and future target treatment for lung cancer.

Although great efforts have been made in the
research of lung cancer, yet it is not enough to
fully understand the pathogenesis of lung can-
cer and effective diagnostic and therapeutic
strategies are needed to be developed.

IntJ Clin Exp Med 2017;10(2):2737-2745
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