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Background: Lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC)
are the leading major histological phenotypes of all non-small cell lung cancer (NSCLC). In
this study, the candidate genes and the potential tumorigenesis distinguishing between LUAD
and LUSC were analyzed.

Methods: The present study investigated two microarray datasets (GSE28571 and
GSE10245) downloaded from the Gene Expression Omnibus (GEO) database. A protein—
protein interaction (PPI) network was applied to screen out the candidate genes. In
addition, differently expressed genes (DEGs) between lung adenocarcinoma and lung
squamous cell carcinoma of the two datasets were functionally analyzed by Gene
Ontology (GO) and the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment. R 4.0.2 was used to perform Kaplan—Meier analysis of DSG3 (desmoglein 3)
and KRT14 (keratin 14) by analyzing the expression and clinical data from The Cancer
Genome Atlas (TCGA) database.

Results: The results revealed that 47 DEGs of the two datasets were ascertained in our study. It was
found that the DEGs were mainly involved in pathways related to p63 transcription factor network
and validated transcriptional factor targeting TAp63, etc. Based on the analysis, we finally identified
DSG3 and KRT14 as potential biomarkers for distinguishing between LUAD and LUSC. These
results suggested that DSG3 and KRT14 could have the potential to play an important role in
NSCLC patients, as diagnostic markers. At the same time, DSG3 or KRT14 indicated a worse
prognosis in LUSC patients, which were associated with pathways relevant to the TRAIL signaling
pathway and TNF receptor signaling pathway according to bioinformatic analysis.

Conclusion: The DSG3 and KRT14 have the potential to be used as diagnostic markers,
which presented here may facilitate improvements in distinguishing between LUAD and
LUSC in advanced NSCLC patients.
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Introduction

In recent decades, lung cancer has been one of the major research subjects due to
the most dominant morbidity (11.6% of the entire cases) and the leading element of
cancer death (18.4% of the entire cancer death) worldwide, accounting for more
than one million deaths every year.'” Lung cancer is fundamentally classified into
small-cell lung cancer (SCLC) and non-small-cell lung cancer (NSCLC).® Lung
adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC) are two major
histopathological subtypes of NSCLC.?
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With the Human Genome Project done, scientific
research has fortunately entered a brand-new post-
genome period. Moreover, with the development of biolo-
gical research of NSCLC and the advancement in high
throughput biotechnologies, there have been several stu-
dies in the literature reporting the link between a great deal
of novel biomarkers and the tumorigenesis of NSCLC.* By
analyzing the gene expression data, tens of thousands of
gene features can be masterly obtained from a mere dozen
tissue samples. In the course of the last decades, gene
microarray and bioinformatic analysis were currently one
of the most general methods in cancer research.”® Thus, it
is commonly acknowledged that different biological infor-
mative methods may result in various outcomes in micro-
array data.

Despite the remarkable development acquired in lung
cancer treatment in the recent decades, precise diagnosis
of the LUAD and LUSC cancer types is significant for
lung cancer treatment. The identification of candidate
genes, together with the molecular mechanism of tumor-
igenesis, has been the main goal among the researchers
specializing in lung diseases. Fan et al ' have studied the
mRNAsi-related biomarkers as new potential treatment
strategies for LUAD and LUSC by The Cancer Genome
Atlas (TCGA) databases. Although biomarkers have been
extensively used on the cancer research, there has been
limited use on separating LUAD from LUSC.'"'?
Applicable biomarkers will be useful in increasing the
accuracy rate of diagnosis for these chronic malignant
cancers and predicting the prognosis of lung cancer
patients.

As a result, the objective of the present work paper is
to investigate the abilities to extract effective informative
genes and to remove irrelevant or superfluous genes,
which plays an essential role for specific classification as
early as possible. Ultimately, the present research is of
great significance and the analysis of microarray data is
practicable and extremely valuable. It is critical to identify
tumor-associated genes to help provide novel therapeutic
targets for specific treatment and validate the diverse
molecular mechanism between the LUAD and the LUSC.

This present study was undertaken to manifest the
NSCLC target subtype-associated genes by analyzing the
microarray data and experiment results. In the first place,
two gene microarray datasets, GSE10245 and GSE28571,
were obtained from the Gene Expression Omnibus (GEO)
database. And 97 differentially expressed genes (DEGs)
between LUAD and LUSC were obtained in GSE10245,

and 93 DEGs in GSE28571. At the same time, 47 DEGs
was detected in overlapping of two datasets. In the second
place, the selection of hub genes depended on the protein—
protein interaction (PPI) network. In the third place, Gene
Ontology (GO) and the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis with the
Database for Annotation, Visualization and Integrated
Discovery (DAVID) were performed to analyze their
potential functions. Taken together, these results indicated
arole for DSG3 (desmoglein 3) and KRT14 (keratin 14) as
latent biomarkers in distinguishing between LUAD and
LUSC. There was also a major difference in expression
level of DSG3 and KRT14 between LUAD and LUSC
tissues. The findings of this study may be of superior
merit for identifying target genes and may provide latent
biomarkers for distinguishing between LUAD and LUSC.
All the results obtained will be beneficial to further lung
cancer relevant genes verification, the different molecular
mechanism of LUAD and LUSC and the potential prog-
nosis and intervention of lung cancer.

Materials and Methods
Gene Expression Profile of LUAD and

LUSC

The two gene expression profiles, GSE10245 and
GSE28571, were obtained from the National Center for
Biotechnology Information (NCBI) Gene Expression
Omnibus database (GEO, http://www.ncbi.nlm.nih.gov/
geo/), which were submitted by Ruprecht Kuner and
Anders Isaksson, respectively. GSE10245 included 40
LUAD tissue samples and 18 LUSC tissue samples,
based on the GPL570 platform. Meanwhile, GSE28571
included 50 LUAD tissue samples and 28 LUSC tissue
samples, based on the GPL570 platform. The data were

standardized (Figure 1). The expression data as well as the
clinical data of DSG3 and KRT14 in NSCLC samples
were downloaded from The Cancer Genome Atlas
(TCGA, https://tcga-data.nci.nih.gov/tcga/) database.

DEG Identification

The two initial microarray datasets were classified into two
groups, LUAD and LUSC, respectively. Robust Multichip
Averaging was performed to normalize the microarray
data.”> The LUAD and LUSC samples were compared
by the limma package, a linear regression model.'*
Furthermore, the P-value was accessed by the Benjamini-
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Figure | Tissue samples in GSE10245 and GSE28571. GSE10245 included 40 LUAD tissue samples and 18 LUSC tissue samples, based on the GPL570 platform (A).
Meanwhile, GSE28571 included 50 LUAD tissue samples and 28 LUSC tissue samples, based on the GPL570 platform (B). Group A (green) is LUAD tissue samples, group

B (purple) is LUSC tissue samples.

Hochberg method. A P-value of 0.05 and log fold change
(FC) of 2 were set as the cut-off criterion.

GO Enrichment and Biological Pathway

Enrichment Analysis
Gene Ontology (GO) project (The Gene Ontology
Consortium, 2008; http://www.geneontology.org/) was

provided for noting genes, gene sequences, and
products,'® and GO is used to classify gene function and
location.'® GO enrichment analysis consists of cellular
composition (CC), molecular function (MF), and biologi-
cal process (BP). To verify the difference between LUAD
and LUSC at the molecular level, we give priority to the
biological process, molecular function, as well as path-
ways. The KEGG was performed to analyze the pathway
of DEGs (KEGG,

Pathway enrichment analysis and GO enrichment analysis

http://www.genome.jp/kegg/)."”

were conducted with DAVID (DAVID; https://david.
ncifcrf.gov/). A P-value less than 0.05 and a count number
larger than 2 were considered as cut-off criteria.

Protein—Protein Interaction (PPl) Network
To evaluate the interacting relationship among target
genes, we analyzed the target genes to the STRING data-
base (http://string-db.org), and an interaction with a larger

combined score >0.4 was considered as significant.
Cytoscape software (version 3.7.1) is an open source
bioinformatic software platform to examine the degree of
connectivity in networks, obtaining the essential nodes in
the PPI networks.'®

Patients and Samples

During January 2018 and December 2018, all enrolled 80
pairs of NSCLC samples were gathered from the Thoracic
Surgery, the Affiliated Hospital of Qingdao University. No
patient received adjuvant therapy before surgery, like chemor-
adiotherapy, targeted therapy, or immunotherapy. The pathol-
ogists in the Affiliated Hospital of Qingdao University were
responsible for the pathological diagnosis. Finally, a total of
40 pairs of LUSC and 40 pairs of LUAD tissues were col-
lected and stored at —80°C after saturating the RNAwait
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(Solarbio Science & Technology Co., Ltd, Beijing, China).
All patients involved had signed informed consent.

Total RNA Extraction and Quantitative
Real-Time PCR

Using TRIzol reagent (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA), total RNA was extracted from lung
tissues according to the manufacturer’s instructions. After
detecting RNA quality by using the NanoDrop 2000 spectro-
photometer (Thermo Fisher Scientific, Inc.), the samples with
an A260/A280 ratio of 1.8-2.1 were selected. In the same day,
total RNA was reversely transcribed to cDNA (Takara
Biotechnology Co., Ltd., Dalian, China). RNA expression
was quantified by Quantitative-polymerase chain reaction
(qPCR) using an Applied Biosystems 7500 Real-Time PCR
system (Applied Biosystems; Thermo Fisher Scientific, Inc.)
and TB Green® Premix Ex Taq™ II (Tli RNase H Plus)
(Takara Biotechnology Co., Ltd.). The primers are shown
in Table 1. GAPDH was used as an internal control for target
genes. Relative expression levels of DSG3 and KRT14
between LUSC and LUAD tissues were analyzed using the

2722 method."” The experiments were repeated three times.

Statistical Analysis

SPSS 24.0 software (IBM Corp., Armonk, NY, USA) and
GraphPad Prism 8 (GraphPad, USA) software were con-
ducted for statistical analysis. Student’s #-test was conducted
to analyze the differences in gene expression. R 4.0.2 was
utilized to perform the Kaplan—Meier analysis of DSG3 and
KRT14 in LUAD or LUSC, respectively. FDR<0.05 was set
as a default threshold to control the significance level.
P<0.05 was regarded as a statistical difference.

Results
Identification of DEGs Between LUAD
and LUSC

After standardization of the datasets (Figure 1), we identi-
fied 97 potential DEGs between LUAD and LUSC in
GSE10245 datasets (Figure 2A), and 93 potential DEGs
between LUAD and LUSC in GSE28571 datasets (Figure

Table | The Primer Sequence of Related Genes

2B). The overlapping of 47 DEGs of the two datasets
is shown in the Venn diagram (Figure 2C).

Functional and Pathway Enrichment
Analysis of DEGs Comparison in

GSE10245 and GSE28571, Respectively

To compare the biological characteristics of DEGs in LUAD
and LUSC in each GEO dataset, the DEGs were analyzed by
GO functional enrichment analysis as well as KEGG path-
way enrichment analysis using DAVID. GO analysis demon-
strated that the difference in BP of DEGs was cell growth
and/or maintenance in both GSE10245 and GSE28571
(Figure 3A, P<0.05). Meanwhile, differences in cellular
compartments (CC) of DEGs were plasma membrane and
exosomes in both GSE10245 and GSE28571 (Figure 3B,
P<0.05). Furthermore, differences in molecular functions
(MF) of DEGs were cell adhesion molecule activity and
structural molecule activity in GSE10245, while those were
transcription factor activity and cell adhesion molecule activ-
ity in GSE28571 (Figure 3C, P<0.05). The KEGG pathway
analysis for DEGs between LUAD and LUSC included
a p63 transcription factor network, validated transcriptional
factor targets TAp63, validated transcriptional factor targets
DeltaNp63 in GSE10245, while those were p63 transcription
factor network, validated transcriptional factor targets
TAp63, validated transcriptional factor targets DeltaNp63,
and director p53 effectors in GSE28571 (Figure 4, P<0.05).

Functional and Pathway Enrichment
Analysis of 47 DEGs in Both GSE10245

and GSE28571

Then we performed the GO analysis and KEGG analysis
of the common 47 DEGs of the two datasets. The enriched
GO functions for 47 DEGs included cell growth and/or
maintenance in the BP category; plasma membrane and
exosomes in CC category; cell adhesion molecule activity,
structural molecule activity and auxiliary transport protein
activity in MF category (Figure SA-C, P<0.05). KEGG
pathway analysis illustrated that the 47 DEGs were mainly
enriched in p63 transcription factor network, validated

Gene Sense (5'-3")

Antisense (5'-3')

Desmoglein 3
Keratin 14
GAPDH

TATGAACAACTACAAAGCGTGAAAC
AGGAGATCGCCACCTACCGC
CTGACTTCAACAGCGACACC

TTGGAAGCAGGACGGAAT
GCTGGGCAGCCTCAGTTCTTG
TGCTGTAGCCAAATTCGTTGT
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Figure 2 Identification of DEGs in LUAD and LUSC from GEO datasets
(GSE10245, GSE25871). Ninety-seven potential DEGs between LUAD and LUSC
in GSEI0245 dataset (A) and 93 potential DEGs between LUAD and LUSC in
GSE28571 dataset (B). P-value of 0.05 and log fold change (FC) of 2 were set as the
cut-off criterion. Venn diagram showed 47 DEGs distinguishing LUAD and LUSC in
both GEO datasets (C).

transcriptional factor targeting TAp63, apoptotic cleavage
of cell adhesion proteins, apoptotic cleavage of cellular
proteins, apoptotic execution phase and alfa6beta4 integrin
(Figure 6, P<0.05).

PPl Network Construction and Key

Genes Selection

The PPI network was constructed using the STRING data-
base, which revealed that most of the key genes interacted
with each other. Furthermore, the top seven genes with
high degrees were DSG3, KRT14, KRTS, NGF, COL17A,
TF, and TJP1. Among these genes, DSG3 (desmoglein 3)
and KRT14 (keratin 14) showed the highest node degree,
indicating that they may play vital roles in identification of
LUAD and LUSC (Figure 7A). Subsequently, the subset of
the PPI network was performed by Molecular Complex
Detection (MCODE), a cluster analyzed in this PPI net-
work. A total of 22 genes were chosen as hub genes,
involving DSG3, KRT14, BIRC2, BIRC3, XIAP, CYCS,
APAF1, PARP1, KAT2B, CREB1, CREBBP, CITED2,
EP300, FKBP10, TP53, CASP3, KRT3, KRT5, KRT6A,
KRT6B, PKP1, and PKP3 (Figure 7B).

The Relative Expression Level of DSG3
and KRT 14 in LUSC is More Than That in
LUAD Tissues

What’s more, we analyzed the expression level of DSG3
and KRT14 between the adjacent tissues and NSCLC
tissues. The results suggested that there was no significant
difference between LUAD tissues and adjacent tissues
(Figure 8A and B, P>0.05). However,
a meaningful difference in LUSC tissues and adjacent
tissues (Figure 8C and D, P<0.05). Additionally, there
was a significant difference in expression of DSG3 and
KRT14 in 40 LUAD samples and 40 LUSC tissues (Figure
8E and F, P<0.05), which was in accordance with the
above theoretical observations.

there was

The Function of DSG3 and KRT 14 to
Predict the Prognosis of the NSCLC
Patients Was Analyzed by TCGA
Database

In view of the significant difference of expression level
and the above results of DSG3 and KRT14 in NSCLC,
we further analyzed the overall survival rate of patients
and differential gene expression in the TCGA database.

OncoTargets and Therapy 2020:13
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Figure 3 Comparison of DEGs between LUAD and LUSC in GSE10245 and GSE28571, respectively, by GO analysis. Difference in biological processes (BP) of DEGs was
cell growth and/or maintenance in both GSE10245 and GSE28571 (A). Differences in cellular compartments (CC) of DEGs were plasma membrane and exosomes in both
GSE10245 and GSE28571 (B). Differences in molecular functions (MF) of DEGs were cell adhesion molecule activity and structural molecule activity in GSE10245, whereas
transcription factor activity and cell adhesion molecule activity in GSE28571 (C). GSE10245 is on outer chart, GSE28571 is on inner chart (P<0.05 and a count number >2).
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Figure 4 Functional enrichment analysis of DEGs in GSE10245 and GSE28571, respectively. The KEGG pathway analysis for DEGs between LUAD and LUSC included p63
transcription factor network, validated transcriptional factor targets TAp63, validated transcriptional factor targets DeltaNp63 in GSE|0245, whereas p63 transcription
factor network, validated transcriptional factor targets TAp63, validated transcriptional factor targets DeltaNp63 and director p53 effectors in GSE28571. GSE10245 is on

outer chart, GSE28571 is on inner chart (P<0.05 and a count number >2).

We downloaded the DSG3 and KRT14 expression level
of 428 LUAD and 502 LUSC samples, as well as the
clinical data of these patients. According to their expres-
sion level of the DSG3 and KRT14, the samples were
divided into two groups equally, the high expression
group and the low expression group. Any samples that
were missing the expression level data or clinical infor-
mation were excluded. Then we processed the data and
performed Kaplan—Meier analysis by R 4.0.2. The results
showed that the higher the expression level of DSG3 in
LUSC samples was, the worse prognosis the patients had
endured (Figure 9A, P<0.05). The result of KRT14 was
consistent with that of DSG3 (Figure 9B, P<0.05).
However, the difference of DSG3 or KRT14 between
the adjacent tissues and LUAD tissues was meaningless
(Supplementary Figure S1, P>0.05). In a word, the
higher expression level of DSG3 or KRT14 indicated
a worse prognosis in LUSC patients.

Pathway Enrichment Analysis of the Hub

Genes
The KEGG pathway analysis for the hub gene network
between LUAD and LUSC included the TRAIL signaling
pathway and TNF receptor signaling pathway (Figure 10,
P<0.05).

Discussion

As mentioned in the literature review, lung cancer is the
most frequently diagnosed cancer (11.6% of the entire
cases) and the leading cause of cancer death (18.4% of
the entire cancer deaths) in 185 countries worldwide."
According to histopathological features, the clinical treat-
ment of LUAD and LUSC is commonly various.?
Nevertheless, there is still an urgent necessity to verify
specific treatment of LUAD or LUSC. In the present study,
we validated a list of DEGs between LUAD and LUSC at
the molecular level through differential expression analy-
sis in NCBI, and demonstrated that DSG3 and KRT14
were potential biomarkers for differentiating LUAD and
LUSC.

The research revealed that a total of 97 DEGs were
defined between LUAD and LUSC in GSE10245, and
93 DEGs in GSE28571. By means of GO enrichment
analysis, we identified that the DEGs were significantly
related to cell growth and/or maintenance in BP cate-
gory in both datasets; plasma membrane and exosome in
CC category in both datasets; cell adhesion molecule
activity and structural molecule activity in MF category
in GSE10245, and cell adhesion molecule activity and
transcription factor activity in MF category in
GSE28571. Meanwhile, 47 DEGs were founded in
both GSE10245 and GSE28571. From the results of
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Figure 7 PPl network construction based on the 47 DEGs and hub genes selection. The PPl network shows the top seven genes with high degrees including DSG3, KRT 14,
KRT5, NGF, COLI7A, TF, and TJPI. DSG3 and KRT 14 showed the highest node degree (A). A total of 22 genes were chosen as hub genes, involving DSG3, KRT 14, BIRC2,
BIRC3, XIAP, CYCS, APAFI, PARPI, KAT2B, CREBI, CREBBP, CITED2, EP300, FKBPI10, TP53, CASP3, KRT3, KRTS5, KRT6A, KRT6B, PKPI, and PKP3 (B).

GO enrichment analysis of DEGs in BP, CC, and MF
category, we identified differences between LUAD and
LUSC, including cell growth and/or maintenance, as
well as cell adhesion molecule activity and structural
molecule activity in both datasets. In accordance with
the present results, previous studies have demonstrated

that transcription factors may contribute to differential
expression of genes in cellular pathways of LUAD and
LUSC by increasing cell growth, cell division, and gene

' However, the findings of the current

transcription.”
study are not supported by the previous research.

Other studies have concluded that LUAD and LUSC
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Figure 8 The expression of DSG3 and KRT 14 in cancer tissues. There was no significant difference in expression of DSG3 (A) and KRT14 (B) in 40 LUAD tissues and
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(P<0.05). There was a significant difference in expression of DSG3 (E) and KRT 14 (F) in 40 LUAD samples and 40 LUSC samples (P<0.05).

are distinguished by significant changes in DNA repair
and metabolism, cell cycle regulation.?

To further study the different molecular mechanism of
LUAD and LUSC, we performed KEGG pathway enrich-
ment analysis. For the 97 DEGs in GSE10245 and 93

DEGs in GSE28571 as well as 47 common DEGs in
both microarrays, p63 transcription factor network, vali-
dated transcriptional factor targeting TAp63 performed
a major function in distinguishing between LUAD and
LUSC. The findings were in accordance with previous
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Figure 9 Kaplan—Meier analysis of DSG3 (A) and KRT 14 (B) in LUSC samples in TCGA database. The high expression level of DSG3 and KRT |4 was associated with worse

prognosis in LUSC samples (P<0.05).

studies. For example, in NSCLC, P63 could be applied as
a prognostic marker for lung LUSC.?* Otherwise, almost
80% of NSCLC cases could be sub-typed by TTF-1 and
p63.%*

The research is essential for distinguishing between
LUAD and LUSC. As shown in Figure 7, the PPI network
indicated that DSG3 and KRT14 may be the potential
biomarkers of identification of these two subtypes. These
results suggested that DSG3 and KRT14 might have the
potential to be used as diagnostic markers of NSCLC
patients. The results were in line with previous studies.

Research on a number of hub genes and signaling path-
ways of tumors have been the targets of cancer studies for
over the past three decades. DSG3 might be a appropriate
diagnostic marker to distinguish between LUAD and
LUSC.>>?*® Additionally, the research suggested that
KRT14 may differentiate LUAD and LUSC by determin-
ing the origin of squamous cell carcinomas in human or
mouse.”?! In the meantime, we suggested that DSG3 and
KRT14 were associated with the worse prognosis in
LUSC patients, which also can be used as the prognosis
indicator.
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Additionally, the pathway analysis of DSG3 and
KRT14 revealed that the major pathways included
TRAIL signaling pathway and TNF receptor signaling
pathway. TRAIL is a cytokine produced and secreted by
quantities of normal tissue cells. It causes apoptosis initi-
ally in tumor tissue cells by binding to certain death
receptors. TNF receptor is named after the basement that
they seemed to play a significant role in apoptosis. The
different expression of DEG3 and KRT14 may result in
various outcomes in LUAD or LUSC by interfering the
pathway of apoptosis.

Conclusion

This study aimed to determine the potential biomarkers
distinguishing LUAD and LUSC. The results of this inves-
tigation show that 47 genes are differentially expressed in
LUAD and LUSC in both GSE10245 and GSE28571, reg-
ulating cell growth and/or maintenance, as well as cell
adhesion molecule activity and structural molecule activity.
DSG3 and KRT14 are recognized as hub genes in distin-
guishing between LUAD and LUSC. These results suggest
that DSG3 and KRT14 may offer the opportunity to be used

as diagnostic markers of NSCLC patients, and prognostic
markers of LUSC patients. Our study may be used as
a potential clue in the clinical treatment of LUAD and
LUSC. In the meantime, it is recommended that additional
research can be conducted in carrying out target therapy.
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