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Integrative analysis of mRNA and miRNA
expression profiles reveals seven potential diagnostic
biomarkers for non-small cell lung cancer
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Abstract. The present study aimed to explore specific molec-
ular targets for the diagnosis and treatment of non-small cell
lung cancer (NSCLC). The expression profiles of microRNAs
(miRNAs) and mRNAs were downloaded from the GEO
(GSE102286 and GSE101929) and TCGA databases. After
data preprocessing, differentially expressed genes (DEGs)
and differentially expressed miRNAs (DEMs) in cancer
and normal tissues were selected and used to construct a
DEM-DEG regulatory network and a protein-protein interac-
tion (PPI) network. The genes and miRNAs in these networks
were subjected to functional enrichment and survival analyses.
Several key DEMs and DEGs were verified using RT-qPCR,
and the results were statistically interpreted using a multi-
variate logistic regression analysis. In this study, 25 DEMs
and 789 DEGs common to all datasets were identified, which
were then used for the construction of a DEM-DEG regula-
tory network and a PPI network module. Survival analyses
of 19 DEMs in the DEM-DEG regulatory network and
36 DEGs in the PPI network module revealed that 34 DEGs
(including TOP2A, CCNBI, BIRCS5, and TTK) and two
miRNAs (miR-21-5p and miR-31-5p) were significantly asso-
ciated with NSCLC prognosis. Moreover, RT-qPCR analysis
identified three DEGs and five DEMs that had changes in
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expression consistent with those observed in the bioinformatic
analysis. Finally, a multivariate logistic regression analysis
of the data showed that TOP2A, CCNBI, BIRC5, miR-21-5p,
miR-193b-3p, miR-210-3p and miR-31-5p could be combined
for the diagnosis of NSCLC. In conclusion, TOP2A, CCNBI,
BIRCS5, miR-21-5p, miR-193b-3p, miR-210-3p and miR-31-5p
may therefore serve as important biomarkers and diagnostic
targets for NSCLC.

Introduction

Lung cancer is the leading cause of cancer-related deaths
worldwide, with non-small cell lung cancer (NSCLC) making
up the bulk of newly diagnosed cases (1). NSCLC is essentially
untreatable, although many strategies have been proposed to
improve patient survival (2). Most patients are diagnosed at
an advanced stage, and half of them have distant metastatic
disease at initial diagnosis, with poor prognosis (3). Thus,
there is an urgent need for novel therapeutic targets and for
advanced therapeutic strategies for the effective diagnosis and
treatment of NSCLC.

With the development of genomic technologies, more and
more molecular information including The Cancer Genome
Atlas (TCGA) and Gene Expression Omnibus (GEO) repre-
sent a remarkable opportunity to analyze the gene expression
data for the discovery of novel targets (4). The TCGA database
has provided abundant resources for biological discovery
due to the fact that it collects data related to over 30 types of
human cancers (5). A recent study has reported that abnormal
epigenetic modulation of mRNAs by microRNAs (miRNAs)
may be associated with tumorigenesis (6). miRNAs are a class
of endogenous RNAs of approximately 19-24 nucleotides (7),
which play regulatory roles in cancers by targeting mRNAs
for translational repression or degradation (8). Prognostic gene
signatures for NSCLC have uncovered mutations in mRNAs
and some aberrantly expressed miRNAs (9,10). For instance,
the expression of miR-34 is often altered in NSCLC tumor
tissues. Of note, miR-34 targets key oncogenes involved in the
tumorigenic process, such as BCL2, MYC, and MET (11,12).
A recent simultaneous analysis of mRNA and miRNA
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expression profiles in NSCLC discovered 3,530 differentially
expressed genes (DEGs) and 211 differentially expressed
miRNAs (DEMs) in NSCLC when compared with matched
para-carcinoma tissues (6). However, the combined potential
of these DEGs and DEMs for effective molecular diagnosis of
NSCLC still remains unclear.

In the present study, we re-analyzed the expression profiles
of mRNAs and miRNAs in NSCLC in order to explore more
specific molecular targets involved in the tumorigenesis of
NSCLC, with the aim of establishing a combined diagnostic
model based on several key genes and miRNAs. We perform
a survival analysis for some key genes and miRNAs, followed
by a multivariate logistic regression analysis.

Materials and methods

Expression profile dataset collection. Two datasets,
GSE102286 and GSE101929 (13), containing the largest
sample data sets of miRNAs and mRNAs with consis-
tent samples (non-small cell lung cancer, tissue samples)
collected in the past three years (since 2017) were down-
loaded from the GEO database. Briefly, GSE102286 is an
miRNA expression profile dataset of 91 tumor tissue samples
and 88 normal tissue samples from NSCLC patients obtained
using the GPL23871 NanoString nCounter Human miRNA
Expression Assay v1.6 platform. GSE101929 is an mRNA
expression profile of 32 NSCLC tumor and 34 normal tissue
samples from NSCLC patients, obtained using the GPL570
[HG-U133_Plus_2] Affymetrix Human Genome U133
Plus 2.0 Array platform. Moreover, the two sets of non-small
cell lung cancer samples were confirmed to be lung adeno-
carcinoma. Additionally, lung adenocarcinoma miRNA and
mRNA expression profiles were downloaded from the TCGA
database, and information from 518 tumor and 58 adjacent
tissue samples (control) were obtained. Of these samples, 490
had detailed clinical information.

Data preprocessing. After the CEL data were downloaded
from the GEO database, the Oligo R software package (14)
(version 1.34.0) was used for background correction of
expression values and for uniform preprocessing of expres-
sion profile data, including format transformation, supplying
missing values, background correction (MAS method), and
data normalization by quantiles. The probes were annotated
using the platform annotation file to remove the unmatched
probes. If different probes mapped to the same gene or
miRNA, the mean value of the different probes was used as
the final expression value. The preprocessed data from TCGA,
including the mRNA and miRNA counts, were downloaded.

Screening of differentially expressed genes/miRNAs. The
expression matrices were divided into disease and control
groups and were screened for DEMs and DEGs in the
three datasets. Briefly, the processed data were analyzed
using the paired samples t-test and corrected with the
Benjamini/Hochberg method. An adjusted P-value <0.05 and
llog2 fold change (FC)I>1 were used as the threshold.

Venn analysis of DEMs and DEGs. The DEMs and DEGs that
were common (overlapping in the Venn diagram) to both the
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TCGA and GEO (GSE102286 for DEM, GSE101929 for DEG)
datasets were selected for subsequent analyses.

miRNA and target gene. The miRWalk2.0 (15) tool was used to
predict the miRNA target genes for all the overlapped DEMs.
The commonly used databases (miRWalk (http://mirwalk.umm.
uni-heidelberg.de/), miRanda (http://miranda.org.uk/), miRDB
(http://mirdb.org/), miRNAMap (16), RNA22 (http:/www.
mybiosoftware.com/rna22-v2-microrna-target-detection.html)
and Targetscan (http://www.targetscan.org/vert_72/)) were
used for these predictions. The miRNA target pairs that
were predicted by at least five databases were matched with
the overlapped DEGs to obtain the DEM-DEG regulatory
pairs. These regulatory relation pairs were visualized using
Cytoscape (version 3.2.0) (17) and the topological properties of
the network nodes were also analyzed.

Functional analysis of miRNAs and target genes. Based on
the DEM-DEG interaction information, the miRNAs were
subjected to Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analysis (18) using the R software package
clusterProfiler (19) (version 2.4.3). Results with P<0.05 and
count >2 were considered to be significantly enriched.

Moreover, functional enrichment analyses using Gene
Ontology (GO) (20) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) were conducted on the DEGs of the
DEM-DEG pairs using the gene functional enrichment anal-
ysis tool DAVID (version 6.8) (21,22). P<0.05 and count >2
were used as the enrichment threshold.

Protein-protein interaction (PPI) network analysis. Using
STRING (version 10.0) (23), the DEGs of the DEM-DEG pairs
were analyzed to identify interactions between the DEGs. The
PPI network was constructed using Cytoscape 3.2.0 and a
PPI score of 0.4 (medium confidence). PPI network clustering
modules were then analyzed using the Cytoscape plugin
MCODE (version 1.4.2) (24) with a threshold of score >10.
KEGG and GO enrichment analyses were then performed on
the significant clustering modules.

Survival analysis of key miRNAs and DEGs. Using the
miRNA matrix data from the regulatory network, the genes
in the key TCGA modules and clinical information, the nodes
were divided into high and low expression groups using the
Survival R software package (25) (version 2.42-6) by median
expression. Genes or miRNAs with a correlation coefficient of
P<0.05 were considered to influence survival prognosis, and
the Kaplan-Meier (K-M) curve was drawn. Clinical informa-
tion was analyzed based on the overall survival provided by
TCGA.

Tissues samples from patients with NSCLC. This study was
approved by the Ethics Committee of The Affiliated Huai'an
Hospital of Xuzhou Medical University (Huai'an, China). A
total of 32 pairs of NSCLC and normal tissue samples were
collected from 45 NSCLC patients between January 2016
and December 2018 at the Affiliated Huai'an Hospital of
Xuzhou Medical University. Each participant signed an
informed consent form before the samples were collected. The
clinical pathological parameters were as follows: 19 males
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and 13 females; average age was 54+12 years; pathological
types: Squamous cell carcinoma (14 cases), adenocarcinoma
(18 cases), low differentiation (18 cases) and high differentia-
tion (14 cases); there were 3 cases of stage I, 6 cases of stage II,
22 cases of stage III and 1 case of stage I'V.

Cell lines and culture conditions. Additionally, human pulmo-
nary alveolar epithelial cells (HPAEpiC; purchased from the
Shanghai Guangdao Biotechnology Co., Ltd.) and three types
of NSCLC cell lines (A549, H1299 and H460; purchased from
the Cell Bank of the Chinese Academy of Science ) were used
in this study. All cells were culture at 37°C in a humidified
atmosphere of 5% CO, using Dulbecco's modified Eagle's
medium (DMEM; Solarbio, Shanghai, China) with 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.).
Before verification of key miRNAs (those with the 18 highest
degrees in the DEM-DEG regulatory network) and mRNAs
(those with the five highest degrees in the significant modules)
in the NSCLC tissue samples, the expression levels of these
miRNAs and mRNAs were measured in HPAEpiC and three
types of NSCLC cell lines using RT-qPCR. The mRNAs and
miRNAs that had significantly differential expression in the
HPAEpiC and at least two NSCLC cell lines were selected for
verification in the tissue samples.

Real-time quantitative PCR (RT-qPCR). Total RNA was
isolated from the cells and tissues using TRIzol reagent
(Takara). Reverse transcription was conducted with the reverse
transcription kit and qPCR kit (Takara). PCR was carried out
using the SYBR Green qPCR Kit (Thermo Fisher Scientific,
Inc.) with Applied Biosystems Viia7 Real-Time PCR System
(Thermo Fisher Scientific, Inc.). Relative expression levels
of mRNA were normalized to (3-actin and calculated with
the 244%4 method. Primers of mRNA used in this study are
listed in Table SI. The levels of miRNAs were measured by
RT-qPCR using miDETECT A Track miRNA gqRT-PCR Kit
(RiboBio Co.). The primers for miRNAs and U6 small nuclear
RNA were obtained from RiboBio Co. The sequences are
covered by a patent. Analyses of miRNA expression were
normalized to the expression of internal control U6 using the
2-44C method.

Statistical analysis. Statistical analyses were performed using
SPSS 23.0 (IBM Corp.). Differences between groups were
analyzed by one-way analysis of variance (ANOVA) with the
LSD test and were considered significant if the P-value was <0.05.

Additionally, the Receiver Operating Characteristic
(ROC) curves for key miRNAs and mRNAs were drawn
using GraphPad Prism 7 (GraphPad Software, Inc.).
Multivariate logistic regression analysis was then performed
for key miRNAs and mRNAs with an area under the curve
(AUC) >0.7 to explore the diagnosis value of the combined
multi-index for NSCLC. The contingency table result was
tested using the Hosmer-Lemeshow test for logistic regres-
sion analysis. A scatter diagram was drawn of the actual
observed values (Observed) and the model-predicted values
(Expected) and a linear trend line was fitted (calibration line)
to obtain the calibration curve. The equation y=x was used
as the standard line equation. The closer the calibration line
was to the standard line equation, the better the calibration

capability of the model would be. In addition, the C-index
and ROC curves were used to verify the fitting effect of the
model. A C-index >0.9 and AUC >0.9 indicated that the
model had a good fitting effect.

Survival analysis was performed by Kaplan-Meier with log
rank test, comparing high and low expression of each gene of
interest (mean expression as the cut off value).

Network analysis for key miRNAs and mRNAs. After RT-qPCR
and multivariate logistic regression analysis, reserved key
miRNAs were subjected to miRNA-DEGs interaction
analysis. The miRNA-DEG network was constructed using
Cytoscape 3.2.0, and the topological properties of the network
nodes were analyzed.

PPI network analysis of the DEGs in the miRNA-DEG
interaction network was conducted with a low confidence
PPI score of 0.15. The modules in this network were analyzed
using MCODE and scores >5 were regarded as significant.
KEGG and GO enrichment analyses were carried out for the
modules with significant PPI scores.

Furthermore, transcription factors (TFs) were predicted
for the significant module genes using the Overrepresentation
Enrichment Analysis (ORA) method in the WebGestalt
toolkit (26). Cytoscape was used to construct the regulatory
network from the top 10 TFs, with significant P-values.

Results

DEM and DEG identification. After preprocessing the
miRNA data, a total of 166 DEMs were identified from the
TCGA database, of which 127 were significantly upregulated
and 39 were significantly downregulated. A total of 79 DEMs
were obtained from GSE102286, of which 51 were upregulated
and 28 were downregulated. Venn diagram analysis identified
27 DEMs common to both datasets (Fig. 1A). Two of the 27
DEMs had opposite changes in expression in the two datasets;
thus, the remaining 25 DEMs with consistent changes in
expression (20 upregulated and five downregulated) were used
for subsequent analyses.

From the mRNA data, a total of 4,888 DEGs consisting of
1,887 significantly upregulated DEGs and 3,001 significantly
downregulated DEGs were obtained from TCGA. While
921 DEGs were obtained from GSE101929, consisting of
309 upregulated genes and 612 downregulated genes, Venn
diagram analysis identified 789 common DEGs, of which 262
were upregulated and 527 were downregulated (Fig. 1B).

DEM-DEG regulatory network construction. Using the
miRWalk2.0 database, 19 of the 25 overlapping DEMs were
predicted to have miRNA target genes. The target DEGs
were selected from the miRNA target pairs, finally producing
695 DEM-DEG relationship pairs. The 695 DEM-DEG pairs
included 15 upregulated DEMs, 4 downregulated DEMs, 99
upregulated DEGs and 239 downregulated DEGs. A regulatory
network was constructed with 357 nodes and 695 relationship
pairs (Fig. 2A). The nodes with the highest degrees (top 20) are
shown in Table I.

DEM-DEG functional enrichment. In the DEM-DEG pairs,
eight miRNAs were significantly enriched in 59 KEGG
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A TCGA-miRNA GSE102286-miRNA B TCGA-mRNA GSE101923-mRNA

Figure 1. Venn diagrams of (A) miRNAs and (B) mRNAs from the GEO (GSE102286 and GSE101929) and The Cancer Genome Atlas (TCGA) databases.

A

Figure 2. (A) miRNA target gene regulatory network for common differentially expressed miRNAs and mRNAs. Red triangles indicate upregulated miRNAs,
dark green arrows indicate downregulated miRNAs, yellow circles indicate upregulated genes, and light green prisms indicate downregulated genes.

pathways, such as axon guidance, microRNAs in cancer, and The upregulated DEGs in DEM-DEG pairs were signifi-
TGF-f signaling pathway. The top 5 most significant pathways  cantly enriched in 8 KEGG pathways, such as hsa04110: Cell
are displayed in Fig. 3A. cycle, hsa04512: ECM-receptor interaction, and hsa04115:
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Figure 2. Continued. (B) miRNA target gene regulatory network for validated differentially expressed miRNAs and mRNAs. Red triangles indicate upregu-
lated miRNAs, green arrows indicate downregulated miRNAs, yellow circles indicate upregulated genes, green prisms indicate downregulated genes, and the

arrow indicates the regulation direction.

p53 signaling pathway, and enriched in 50 GO terms, such as
cell division, and mitotic nuclear division. The downregulated
genes were enriched in 8 KEGG pathways, such as hsa04024:
cAMP signaling pathway, and hsa04360: Axon guidance, and
enriched in 110 GO terms. Due to the large number of GO
results, we selected the top 20 terms for display (Fig. 3B-D).

PPI network construction. A PPI network was constructed
based on the DEGs in the DEM-DEG pairs, as shown in
Fig. 4A. The PPI network contained 228 nodes and 1,153
interaction pairs, including 79 upregulated DEGs and 149
downregulated DEGs. One module (score=34.171) was
obtained, containing 36 nodes and 598 relationship pairs.
The degrees of the nodes in the module are shown in Table II.
Functional analyses revealed that the module genes were
significantly enriched in three pathways (hsa04110: Cell
cycle, hsa04115: p53 signaling pathway, and hsa05161:
Hepatitis B) and 41 GO functions (such as cell division, and
mitotic nuclear division) (Fig. 4B and C).

Survival analysis results. Based on the matrix data and
clinical information obtained from the TCGA, we performed
survival analysis for the 19 DEMs in the DEM-DEG pairs
and 36 DEGs in the significant modules. The results showed
a significant association between 34 DEGs including TOP2A
(DNA topoisomerase II o), CCNBI (cyclin B1), BIRC5 (bacu-
loviral TAP repeat containing 5), TTK (TTK protein kinase)
and two miRNAs (miR-21-5p and miR-31-5p) and patient
prognosis (Fig. 5).

RT-qPCR verification results. After verification in the cell
lines (Fig. 6A), 3 mRNAs (TOP2A, CCNBI and BIRCS)
and eight miRNAs (miR-19a-3p, miR-144-3p, miR-30a-5p,
miR-31-5p, miR-21-5p, miR-193b-3p, miR-196a-5p and
miR-210-3p) were further verified in tissue samples. As shown
in Fig. 6B, the 3 mRNAs had significantly higher expres-
sion levels in cancer tissues than the controls. Additionally,
miR-21-5p, miR-193b-3p, miR-31-5p and miR-210-3p were
significantly upregulated while miR-30a-5p was significantly
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Figure 2. Continued. (C) PPI and module network diagram. Yellow circles represent upregulated genes, and green rhombuses represent downregulated genes.
The area shaded in red is the module. Node size represents degree: The higher the degree, the larger the node. (D) Transcription factor-target regulatory network.
Yellow circles represent upregulated genes, blue hexagons represent transcription factors, and node size represents degree. PPI, protein-protein interaction.

downregulated in cancer tissues in comparison with the  Multivariate logistic regression analysis results. The ROC
control. These results were in accordance with ‘DEM and  curves of the three mRNAs (TOP2A, CCNBI, and BIRC5)
DEG identification’ results obtained by the bioinformatic  and five miRNAs (miR-21-5p, miR-193b-3p, miR-31-5p,
analysis above. miR-210-3p and miR-30a-5p) are shown in Fig. 6C. After



ONCOLOGY REPORTS 43: 99-112, 2020

105

Table I. Degree nodes in the miRNA target gene regulatory network (top 20).

Nodes Description Degree Nodes Description Degree
miR-629-3p Up-miRNA 60 miR-183-5p Up-miRNA 33
miR-19a-3p Up-miRNA 57 miR-21-5p Up-miRNA 29
miR-130b-3p Up-miRNA 53 miR-193b-3p Up-miRNA 27
miR-144-3p Down-miRNA 52 miR-196a-5p Up-miRNA 27
miR-30a-5p Down-miRNA 52 miR-196b-5p Up-miRNA 26
miR-218-5p Down-miRNA 51 miR-503-5p Up-miRNA 20
miR-135b-5p Up-miRNA 47 miR-345-5p Up-miRNA 20
miR-31-5p Up-miRNA 46 miR-210-3p Up-miRNA 12
miR-141-3p Up-miRNA 45 TNSI Down-gene 9
miR-136-5p Up-miRNA 34 DOK6 Down-gene 8
up-miRNA, upregulated miRNA; down-miRNA, downregulated miRNA; down-gene, downregulated gene. TNS/, tensin 1; DOK6, docking
protein 6.
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Figure 3. (A) KEGG pathway bubbles enriched by differentially expressed miRNAs. (B) KEGG pathways enriched by the target genes. GO, Gene Ontology;

KEGG, Kyoto Encyclopedia of Genes and Genomes.

analysis of the ROC curves, miR-30a-5p showed low diag-
nostic value for NSCLC (AUC=0.665), while the remaining
miRNAs and all the mRNAs had high diagnostic values
(AUC>0.7) in the TCGA dataset. Thus, TOP2A, CCNBI,
BIRCS5, miR-21-5p, miR-193b-3p, miR-210-3p and miR-31-5p
were selected for multivariate logistic regression analysis.
The results of the multivariate logistic regression analysis
of the selected mRNAs and miRNAs in the TCGA dataset
and 32 pairs of tissue samples, and the ROC curves for
combined diagnosis are shown in Tables SII-SV and Fig. 7,
respectively.

Network analysis for three mRNAs and four miRNAs. Based on
the four selected miRNAs, a miRNA-DEG regulatory network
was constructed with 107 nodes (3 upregulated miRNAs, 1
downregulated miRNAs, 31 upregulated DEGs and 72 down-
regulated DEGs) and 120 interaction pairs (Fig. 2B).

The PPI network constructed from the 31 upregulated
DEGs and 72 downregulated DEGs consisted of 75 nodes and
248 interaction pairs. From this network, one module (score=9)
was extracted, which included nine nodes and 36 interaction
pairs (Fig. 2C). The genes in the module were involved in two
pathways (hsa04115: p53 signaling pathway, and hsa04110:
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Figure 3. Continued. (C) GO function bubbles enriched by upregulated target genes. (D) GO function bubbles enriched by downregulated target genes.

GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

cell cycle) and 5 GO functions, including cell division, and the
G1/S transition of the mitotic cell cycle.

Furthermore, 7 TFs, such as SRY-box 9 (SOX9), were
predicted for the genes in the module, involving 15 regulatory
relationship pairs (Fig. 2D).

Discussion

In the present study, 25 overlapped differentially expressed
miRNAs (DEMs) and 789 overlapped differentially expressed
genes (DEGs) were identified, which were then used to
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Figure 4. (A) PPI and module network diagram. Yellow circles represent upregulated genes, and light green rhombuses represent downregulated genes. The
shaded part is the module. Node size represents the degree: The higher the degree, the larger the node. (B) KEGG pathways enriched by module nodes. (C) GO
functions enriched by module nodes. PPI, protein-protein interaction; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

construct a DEM-DEG regulatory network and protein-protein
interaction (PPI) network module. Survival analysis of the
19 DEMs in the DEM-DEG regulatory network and the
36 DEGs in the PPI network module revealed that 34 DEGs
(including TOP2A, CCNBI, BIRCS5, TTK) and two miRNAs
(miR-21-5p and miR-31-5p) were significantly associated
with patient prognosis. Moreover, RT-qPCR analysis of the
top 18 DEMs in the DEM-DEG regulatory network and the
top 5 DEGs in the PPI network module identified 3 DEGs
and 5 DEMs that had expression profiles consistent with the
bioinformatic analysis results. Finally, multivariate logistic
regression analysis suggested that TOP2A, CCNBI, BIRCS,
miR-21-5p, miR-193b-3p, miR-210-3p and miR-31-5p could

be used together for the diagnosis of non-small cell lung
cancer (NSCLC).

TOP2A (DNA topoisomerase II o) had the highest
degree in the significant module. It encodes a DNA
topoisomerase II, which controls the topological state
of the DNA during transcription. It has been reported
that topoisomerase II is involved in DNA synthesis and
cell proliferation, both of which are common targets of
antitumor drugs (27). Recently, Terashima et al (28) demon-
strated that in patients with stage II/III gastric cancer, the
TOP2A level in primary tumors is associated with a higher
risk of hematogenous recurrence of cancer. Importantly, a
previous study suggested that TOP2A expression is related
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Table II. Degree values of the module nodes.
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Nodes Description Degree Nodes Description Degree
TOP2A Up-gene 53 MKI67 Up-gene 37
CCNBI Up-gene 43 KIF4A Up-gene 37
RACGAPI Up-gene 43 PRCI Up-gene 36
BIRCS Up-gene 41 ANLN Up-gene 36
TTK Up-gene 41 CDCAS8 Up-gene 36
CDKN3 Up-gene 40 NEK?2 Up-gene 36
CHEK]I Up-gene 40 KIF2C Up-gene 36
KIF11 Up-gene 40 KIF14 Up-gene 36
CCNA2 Up-gene 40 MCM?2 Up-gene 35
KIF23 Up-gene 40 RADS5IAPI Up-gene 35
NCAPG Up-gene 40 SHCBPI Up-gene 34
CEP55 Up-gene 40 DEPDCI Up-gene 33
RRM?2 Up-gene 39 HELLS Up-gene 33
AURKA Up-gene 39 RADS54L Up-gene 31
CDC45 Up-gene 39 STIL Up-gene 29
CDC6 Up-gene 38 SPC25 Up-gene 29
KIF15 Up-gene 38 NEIL3 Up-gene 27
DTL Up-gene 38 CCNE2 Up-gene 26

Up-gene, upregulated gene. TPO2A, DNA topoisomerase Il a; CCNBI, cyclin B1; RACGAPI, Rac GTPase activating protein 1; BIRC5, bacu-
loviral IAP repeat containing 5; 77K, TTK protein kinase; CDKN3, cyclin dependent kinase inhibitor 3; CHEK, checkpoint hinase 1; KIF11,
kinesin family member 11; CCNA2, cyclin A2; KIF23, kinesin family member 23; NCAPG, non-SMC condensin I complex subunit G; CEP55,
centrosomal protein 55; RRM2, ribonucleotide reductase regulatory subunit M2; AURKA, Aurora kinase A; CDC45, cell division cycle 45;
CDC6, cell division cycle 6; KIF15, kinesin family member 15; DTL, Denticleless E3 ubiquitin protein ligase homolog; MKI67, marker
of proliferation Ki-67; KIF4A, kinesin family member 4A; PRCI, protein regulator of cytokinesis 1; ANLN, Anillin actin binding protein;
CDCAS8, cell division cycle associated 8; NEK2, NIMA related kinase 2; KIF2C, kinesin family member 2C; KIF 14, kinesin family member 14;
MCM?2, minichromosome maintenance complex component 2; RAD51API, RADS]1 associated protein 1; SHCBP1, SHC binding and spindle
associated 1; DEPDCI,DEP domain containing 1; HELLS, helicase, lymphoid specific; RAD54L, RAD54 like; STIL, STIL centriolar assembly
protein; SPC25, SPC25 component of NDC80 kinetochore complex; NEIL3, Nei like DNA glycosylase 3; CCNE2, cyclin E2.
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Figure 5. Survival curves for TOP2A, CCNBI, BIRCS, TTK, miR-21-5p and miR-31-5p. TPO2A, DNA topoisomerase II a; CCNBI, cyclin Bl; BIRCS, baculo-

viral IAP repeat containing 5; TTK, TTK protein kinase.



ONCOLOGY REPORTS 43: 99-112, 2020

109

A ek N E 44 NS
567 [ 567 [ 2 x 0 5 10
= I 24 = hsa-miR-629-3p
@ — o )
8 o é 24 NS hsa-miR-19a-3p Up
I 5 Q hsa-miR-130b-3p
ﬁ 21 O 24 T 14 hsa-miR-144-3p Down
-% % % hsa-miR-30a-5p Down
o @ 3 0 -miR-218-
&0_ 2, 2 hsa-miR-218-5p
% hsa-miR-135b-5p
% hsa-miR-31-5p Up
a. 1
T hsa-miR-141-3p
hsa-miR-136-5p
*EE hsa-miR-183-5p
=
%10. __xx 5 1.5 hsa-miR-21-5p Up
g 8l L § hsa-miR-193b-3p Up
& S 1.0 hsa-miR-196a-5p Up
64 o i
g M hsa-miR-196b-5p
S a4l E hsa-miR-503-5p
';, 205+ hsa-miR-345-5p
£ 24 | hsa-miR-210-3p Up
g, <ol HPAEpIC A549 H1293  H460
(ST ] o) o) @ o MNormal NSCLC
2 3 8 ¢ 23 & 8
g g 2 £
[« E I
. I
B - 104 501 10+
5 k=] B
- 40 4 = d
S 15+ i §E 8 bkl 5£% eS8 i
28 ! ¢ 28 52 I
@ = L g © = 304 @ o 64
2210 e se ¢8 ..
@ D - - 4 | X .
28 22 4 28 88 49 S et
£ . £0 50 2
gm 51 o ©© 5 o 104 SE o =
« Teedpess eE . -
o sovghves o 0 0 . "
Normal Normal  NSCLC Normal  NSCLC
30 151 30 -
53 25 ] °s s S 5 o 25+
[ & w 124 (== (=] * ok
= *xx E = - = =
7 520 B g2 § 5 20 :
o% 5o 91 28 =3 mann
[=% d = = -~ % i
8g ' e 3 - g 5 10
2 < 10 25 81 e, 22 22 401
8z SC - ST T o
&OE 5 Zae® o £ 34 -3 gE EE 54 nle o
D D ....'.. 0 & -y
Normal NSCLC MNormal NSCLC MNormal Cancer MNormal Cancer
C o — Sensitivity% 150 — Sensitivity% 150 — Sensilivity% 150 — Sensitivity%
_ — Identity% ~ — ldentity% — Identity% — |dentity%
£=1 &= =
g 00 £ 100 2100 2100
2 2 2 %
2 50 BIRC5 3 50 CCNB1 3 50 TOP2A 5 50 RNA-30a-5
w i = =
AUC=0.7085 AUC=09236 @ AUC=0.957 ® Ml e op
P=0.0041 P<0.0001 AUC=0.665
0 — 0+ = ol ] P<0.0001 0 P=0.0233
0 50 100 . 150 a 50 1(}0 150 50 100 150 0 50 100 150
100%-Specificity% 100%-Specificity® 100%-Specificity% 100%-Specificity%
1501 — Sensitivity% 150 — Sensitivity% 150 — Sensilivity% 150 - Sensflivityefo
— Identity% — Identity% — Identity% — Identity%
> > )
21001 2100 2100 €100
= = = =
2 2 2 €
2 504 miRNA-193b3p 2 50 miRNA-210-3p 2 s0 miRNA-21-5p & 50 miRNA-31-5p
AUC=0.916 AUC=0.7886 AUC=0.7138 AUC=0.8481
0 P<0.0001 0 P<0.0001 0 P=0.0006 o4 . F‘Fo_mm
0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 150
100%-Specificity% 100%-Specificity% 100%-Specificity% 100%-Specificity%

Figure 6. (A) Relative expression levels of five DEGs and 18 DEMs in NSCLC and normal cells. (B) The relative expression levels of TOP2A, CCNBI, BIRCS,
miR-30a-5p, miR-21-5p, miR-193b-3p, miR-31-5p and miR-210-3p in cancer and normal tissues. (C) The ROC curves of TOP2A, CCNBI, BIRC5, miR-30a-5p,
miR-21-5p, miR-193b-3p, miR-31-5p and miR-210-3p. DEGs, differentially expressed genes; DEMs, differentially expressed miRNAs; NSCLC, non-small cell
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TTK, TTK protein kinase.
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Figure 7. ROC curves for combined diagnosis with (A and B) 4 miRNAs (miR-21-5p, miR-193b-3p, miR-31-5p, miR-210-3p) and (C and D) 3 mRNAs (TOP2A,
CCNBI, BIRCS) in the TCGA dataset and 32 pairs of tissue samples, respectively. ROC, receiver operating characteristic; AUC, area under the ROC curve;
TCGA, The Cancer Genome Atlas; TPO2A, DNA topoisomerase II a; CCNBI, cyclin Bl; BIRCS, baculoviral IAP repeat containing 5.

to tumor cell proliferation and clinicopathological parame-
ters in lung adenocarcinoma (29). In this study, TOP2A was
upregulated in non-small cell lung cancer (NSCLC) cell
lines and tissues. In addition, TOP2A was predicted to be a
prognostic factor and had high diagnostic value in NSCLC.
Based on a review of previous studies and the results of
this study, TOP2A may serve as an important diagnostic
and therapeutic target in NSCLC.

CCNBI1 (cyclin Bl), a cell cycle regulator, which
combines with cyclin-dependent kinase 1 (CDK1) to form a
complex, had the second highest degree in the module. The
CCNBI1-CDKI1 complex has been reported to be a key factor
controlling the G2/M phase of the cell cycle (30). In line with
that report, our functional analysis revealed that CCNBI was
involved in the hsa04110: Cell cycle pathway. This study
also supports previous observations where CCNBI has been
shown to be overexpressed in many cancers, including lung

cancers (31,32). Notably, in the present study, CCNBI was
shown to be enriched in the hsa04115: p53 signaling pathway.
Human p53 is a 393-amino acid nuclear protein that acts as a
transcription factor (TF) and tumor suppressor (33). Activated
p53 is known to induce growth arrest, which allows cells to
repair damage. Moreover, p53 is frequently inactivated during
human carcinogenesis (34). Thus, CCNBI may be involved in
the progression of NSCLC via the cell cycle and p53 signaling
pathways.

BIRCS (baculoviral IAP repeat containing 5) is a unique
member of the inhibitor-of-apoptosis gene family (35), which
is usually present in transformed cells, fetal development, as
well as tumors, but absent in most normally differentiated adult
tissues (36).Ithas previously been reported that BIRCS can inhibit
apoptosis via both the mitochondrial and the death-receptor
pathways (37). Additionally, it acts as a regulator of cell divi-
sion. In line with the previous studies, the functional analysis
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conducted in this study also suggests that BIRCS is associated
with cell division and mitotic nuclear division. Furthermore,
circulating antibodies to BIRC5 have been shown to be elevated
in many malignant tumors, including NSCLC (38). Therefore,
upregulated BIRCS may serve as a useful biomarker for the
prognostic assessment and diagnosis of NSCLC.

miR-30a-5p is a member of the miR-30 family, which plays
a key role in several physiological and pathological processes,
including differentiation, development, and apoptosis (39). The
results of the current study are consistent with earlier obser-
vations, which have shown that this miRNA is significantly
downregulated in NSCLC tissues (40). Interestingly, three
target genes of miR-30a-5p, including ribonucleotide reductase
subunit M2 (RRM?2), cell division cycle associated 7 (CDCA?7),
and DBF4 zinc finger (DBF4), were predicted to be transcrip-
tionally controlled by the TF SOX9. High levels of SOX9
are correlated with poor survival of NSCLC patients (41).
We speculate that there is a regulatory relationship between
miR-30a-5p and SOXO9 in the pathogenesis of NSCLC, which
needs to be further investigated. Remarkably, a recent study
by Switlik er al (42) revealed that miR-30a-5p together with
miR-210-3p can distinguish NSCLC tissues from normal
adjacent tissues. Moreover, they reported a high diagnostic
value for a combination of the two miRNAs through ROC
analysis and also suggested the combination of miR-30a-5p
with miR-210-3p as an independent biomarker for NSCLC.

miR-21 has been previously reported to be a key
biomarker for the early detection of lung cancer, and over-
expression of miR-21 is implicated in a worse prognosis
for lung cancer patients (43). In this study, high expression
of miR-21-5p was likewise correlated with poor prognosis
of NSCLC patients. KEGG pathway analysis showed that
miR-21-5p was enriched in the TGF-f signaling pathway. This
pathway has been suggested to facilitate tumor metastasis
in lung adenocarcinoma (44). In the miR-21-5p associated
DEM-DEG regulatory network, the non-SMC condensin I
complex subunit G (NCAPG) was one of its targets and is
involved in GO function related to cell division. A recent
study suggested that NCAPG promotes tumor proliferation
by regulating the G2/M phase in lung adenocarcinoma (45).
Thus, we speculate that miR-21-5p may play a role in NSCLC
progression through the TGF-f signaling pathway or by
regulating NCAPG.

A recent study suggested that miR-193b has both
tumor-suppressor and oncogenic functions in human cancers.
Lower levels of miR-193b expression were detected in NSCLC
cells when compared to that in non-cancerous cells (46). In
contrast, using RT-qPCR our study verified that miR-193b-3p
was upregulated in NSCLC cells and tissues compared to the
controls. These results corroborated with our bioinformatic
analysis. Although these findings contradict previous results,
we can conclude that the aberrant expression of miR-193b-3p
may serve as a biomarker of NSCLC.

However, there were some limitations to our study. First,
although the data set contained two databases with a large
sample size, it still had no absolute universal significance
and could only be of reference significance to a certain
extent. Second, the in-depth analysis of DEGs was limited
to those with regulatory relationship with DEMs, and could
have missed various gene studies with other roles. Our future

research will focus on verifying the clinical utility of these
genes and miRNAs in larger samples.

In conclusion, our study combined mRNA and miRNA
expression profiles in NSCLC to identify more diagnostic
and therapeutic targets for NSCLC. TOP2A, CCNBI, BIRCS,
miR-21-5p, miR-193b-3p, miR-210-3p and miR-30a-5p may
serve as biomarkers and can be combined for the diagnosis
of NSCLC.
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