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Background: Lung squamous cell carcinoma (lung SCC) is a common type of malignancy. Its pathogenesis
mechanism of tumor development is unclear. The aim of this study was to identify key genes for diagnosis
biomarkers in lung SCC metastasis.

Methods: We searched and downloaded mRNA expression data and clinical data from The Cancer
Genome Atlas (TCGA) database to identify differences in mRINA expression of primary tumor tissues from
lung SCC with and without metastasis. Gene co-expression network analysis, protein-protein interaction
(PPI) network, Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
analysis and quantitative real-time polymerase chain reactions (QRT-PCR) were used to explore the
biological functions of the identified dysregulated genes.

Results: Four hundred and eighty-two differentially expressed genes (DEGs) were identified between
lung SCC with and without metastasis. Nineteen modules were identified in lung SCC through weighted
gene co-expression network analysis (WGCNA). Twenty-three DEGs and 26 DEGs were significantly
enriched in the respective pink and black module. KEGG pathway analysis displayed that 26 DEGs in
the black module were significantly enriched in bile secretion pathway. Forty-nine DEGs in the two gene
co-expression module were used to construct PPI network. CFTR in the black module was the hub protein,
had the connectivity with 182 genes. The results of qRT-PCR displayed that FIGE, SFTPD, DYNLRB2
were significantly down-regulated in the tumor samples of lung SCC with metastasis and CFTR, SCGB3A2,
SSTRI1, SCTR, ROPNIL had the down-regulation tendency in lung SCC with metastasis compared to lung
SCC without metastasis.

Conclusions: The dysregulated genes including CFTR, SCTR and FIGF might be involved in the
pathology of lung SCC metastasis and could be used as potential diagnosis biomarkers or therapeutic targets
for lung SCC.
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Introduction

Lung squamous cell carcinoma (lung SCC) is a histological
subtype of non-small cell lung cancer (NSCLC), which
is the second most frequent type of NSCLC after lung
adenocarcinoma (1). Lung SCC is a multi-step progressive
disease with high rates of morbidity and mortality
worldwide.

The initiation of lung SCC is divided into the following
five successive stages: normal bronchial epithelium,
squamous metaplasia, mild-moderate dysplasia, carcinoma
in situ, and invasive carcinoma (2). The prognosis of lung
cancer is unfavorable, despite significant therapeutic
improvements have been made in recent years. In current,
there is no specific molecular targets for therapy have been
identified (3), therefore, cisplatin plus gemcitabine is still
the first-line treatment for lung SCC (4).

Currently, the tumorigenesis mechanism of lung SCC
remains unclear. Numerous published articles demonstrate that
dysregulated genes are essential for initiation, progression and
development of lung cancer. SMC#4 (structural maintenance
of chromosome 4) is over-expressed in lung adenocarcinoma
tissues and its inhibition significantly suppresses the
proliferation and invasion of A549 cells (5). Knocking down
the expression of WW45 (salvador family WW domain
containing protein 1) promotes cell growth and migration
of lung cancer and over-expression of WWS5 improves the
survival of mice model of lung cancer (6). INO80 (INO80
complex subunit), the SWI/SNF ATPase in the complex,
is highly expressed in NSCLC cells compared with normal
lung epithelia cells and its expression level is negatively
correlated with the disease prognosis of patients with lung
cancer (7).

Weighted gene co-expression network analysis (WGCNA)
offers an effective approach to quantitatively assess the
interconnectedness of genes, investigate the expression
patterns of gene co-activity and evaluate the importance of
genes within the network. It benefit to provide potential
malignancy diagnostic molecular and connecting them
together for disease (8,9). Shi er a/. identifies four co-
expression modules significantly correlated with clinic trait,
the hub gene of each module including RPS15A, PTGDS,
CD53 and MSI2, which might play a vital role in progress of
uveal melanoma (10).

To our knowledge, this is the first report of WGCNA of
lung SCC expression profiles. In this study, bioinformatics
methods were applied to integrate mRNA expression data of

lung SCC in The Cancer Genome Atlas (TCGA) database
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and construct gene co-expression module for pathogenesis
mechanism elucidation and identification of the diagnostic
biomarkers and therapeutic targets of lung SCC metastasis.

Methods
TCGA gene expression profiles

The level 3 mRNA expression data of lung SCC and the
corresponding clinical records in TCGA database (Oct 26,
2015) were obtained from the data portal (https://tcga-data.
nci.nih.gov/tega/). Total of 504 lung SCC patients were
available in TCGA. The inclusion criteria of expression
profiling in our study were shown as below: (I) the dataset
was from primary solid tumor of patients with lung SCC;
(II) patients had no other malignancy history; (III) patients
received no treatment before collection of tumor samples.
The mRNA expression datasets of 163 lung SCC patients
with lymph node metastasis or distant metastasis, and mRNA
expression datasets of 222 patients without metastasis were
available in TCGA database. The datasets contained 20,531
genes and the sequencing of expression profiles was based on

the platform of IlluminaHiSeq_RINASeqV2.

Identification of differentially expressed genes (DEGs)

The raw expression data of lung SCC patients in our study
were downloaded. The significantly DEGs were identified
between lung SCC patients with metastasis and lung SCC
patients without metastasis through DESeq2 repackage
in R language (11). The false discovery rate (FDR) was
performed for multiple testing corrections of raw P value
through the Benjamin and Hochberg method (12,13). The
threshold of DEGs was set as FDR <0.05.

Construct gene co-expression network

To explore the interactions between the genes, a system
biology approach, WGCNA, which converts co-expression
measure into connections weight or topology overlap
measure, was applied for gene co-expression network
construction (14). Co-expression methodology is typically used
for explore correlation between gene expression level. Genes
involved in the same pathway or same functional compound
tend to demonstrate a similar expression pattern (15).
Therefore, the construction of a gene co-expression
network facilitates the identification of genes with similar
biological functions (16). In our work, all of genes of
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lung SCC patients with metastasis and lung SCC patients
without metastasis were inputted to construct weighted
co-expression modules using the WGCNA package in R
language (17). The threshold of co-expression module was
set as P<0.05.

Functional annotation

To obtain the biological function and signaling pathways
of DEGs, the online software, GeneCodis3 was used for
Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment and Gene Ontology (GO) annotation
of DEGs (18). The threshold of GO function and KEGG
pathway of DEGs was set as FDR <0.0001 and FDR <0.05,
respectively.

Protein-protein interaction (PPI)

In order to obtain insights into the interaction between
DEGs of the black module and the pink module, PPI
network was constructed by BioGRID, a database of known
and predicted protein interactions (19). Then, PPI was
visualized by Cytoscape software (http://cytoscape.org/) (20).

The expression level of DEGs in lung SCC tumor samples
were validated by quantitative real-time polymerase chain
reaction (qRT-PCR)

"Total RNA of fresh tumor samples from lung SCC patients
with metastasis and lung SCC patients without metastasis
were extracted by using TRIzol reagent (Invitrogen,
CA, USA) according to the manual instructions. The
SuperScript III Reverse Transcription Kit (Invitrogen,
CA, USA) was used to synthesize the cDNA. qRT-PCR
reactions were performed using Power SYBR Green PCR
Master Mix (Applied Biosystems, Foster City, CA, USA)
on the Applied Biosystems 7,500 (Applied Biosystems,
Foster City, CA). 18s rRNNA was used as internal control
for mRNA detection. The relative expression of genes was
calculated using the 27*“" equation (21). The PCR primers
used were shown as Tible S1. The GraphPad Prism version
6.0 software packages (GraphPad Software, San Diego, CA,
USA) was used to output figures.

Ethics statement

The study was approved by the ethics committee board
of Linyi People’s Hospital (No. 1yll2015N67). Written
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informed consent was obtained from the patient for
publication of this manuscript.

Results

DEGs between lung SCC patients with metastasis and
lung SCC patients without metastasis

The raw expression profiles of lung SCC patients and
corresponding clinical records were downloaded from the
data portal of TCGA database. All of patients were divided
into lung SCC with metastasis group or lung SCC without
metastasis according to AJCC pathologic tumor stage.
DEGs analysis was performed to the two groups. Total of
482 DEGs were identified as the threshold of FDR <0.05
(supplementary Table S2), consisting of 312 up-regulated
DEGs and 170 down-regulated DEGs. As Table 1 shown,
VEG, VSIGI0L and MFAPS5 were the most significantly
up-regulated DEGs; ZNF208, C8orf46 and TNF were the
most significantly down-regulated DEGs.

Functional annotation of DEGs between lung SCC with
and without metastasis

To explore the functional significance of the identified DEGs
in lung SCC metastasis, 482 DEGs were performed to
unbiased GO term and KEGG pathway enrichment analyses.
For DEGs related to lung SCC metastasis, transmembrane
transport (FDR =8.76E-06), calcium ion binding
(FDR =5.18E-06) and extracellular region (FDR =1.20E-17)
were the most significant enrichment in biological process,
molecular function and cellular component, respectively
(1able 2); PPAR signaling pathway (KEGG ID: hsa03320,
FDR =1.64E-05), cytokine-cytokine receptor interaction
(KEGG ID: hsa04060, FDR =1.05E-03) and neuroactive
ligand-receptor interaction (KEGG ID: hsa04080,
FDR =3.95E-03) were the most significantly enriched
pathways (1able 3).

Construction of weighted gene co-expression modules

To explore the functional modules in lung SCC patients, the
co-expression analysis of the 20,531 genes were performed
in WGCNA. Modules for lung SCC were generated using
the Scale-free Topology Criterion with a power cutoff of
12 and a minimum module size cutoff of 30. As Figure 1
and Tiable 4 shown, a total of 19 modules were identified.
23 DEGs and 26 DEGs between lung SCC with metastasis

jtd.amegroups.com 7 Thorac Dis 2017;9(1):42-53
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Table 1 The top ten DEGs in lung SCC with metastasis Table 2 GO term enrichment analyses of DEGs
Gene ID Gene symbol Log,FC FDR GO ID GO term Count FDR
Up-regulated DEGs Biological process
7425 VGF 6.302272 1.90E-06 G0:0055085 Transmembrane transport 24  8.76E-06
147645 VSIG10L 5.870895 1.28E-05 GO:0006810  Transport 27 9.31E-06
8076 MFAP5 5.335057 0.000187 G0:0050995 Negative regulation of lipid 4 2.29E-05
catabolic process
6927 HNF1A 5.184579 0.000382
GO0:0007165  Signal transduction 4  4.67E-05
57521 RPTOR 5.125631 0.000449 " )
GO0:0051091  Positive regulation of 4  4.67E-05
2147 F2 5.062773 0.000535 sequence-specific DNA
22809 ATF5 4959337  0.000714 binding transcription factor
activity
51083 GAL 4.944154 0.000714 GO0:0070374  Positive regulation of ERK1 4  4.67E-05
3706 ITPKA 4.839489 0.001009 and ERK2 cascade
84057 MND1 4.835881 0.001009 G0:0042493 Response to drug 4  4.67E-05
Down-regulated DEGs G0:0001666 Response to hypoxia 4  4.67E-05
7757 ZNF208 -6.99816 5.04E-08 Molecular function
254778 C8orfd6 _6.37244 1.81E-06 GO0:0005509 Calcium ion binding 29  5.18E-06
G0:0005216  lon channel activity 9  7.99E-05
7124 TNF -5.93751 1.28E-05
Cellular component
2890 GRIA1 -5.90534 1.28E-05
GO0:0005576  Extracellular region 81 1.20E-17
339398 LINGO4 -5.8607 1.28E-05
GO0:0005615  Extracellular space 43  38.18E-12
24 100A7A -5.42097 .000144
3383 S100 5.4209 0.000 GO0:0005576  Extracellular region 39 1.52E-11
4693 NDP -5.33403  0.000187 GO:0005737  Cytoplasm 19 5.21E-07
116379 IL22RA2 =5.12306 0.000449 GO:0016021  Integral to membrane 101 3.11E-06
25833 POU2F3 -5.09145 0.000493 G0:0005886  Plasma membrane 87  3.69E-06
8190 MIA -5.04813 0.000542 GO0:0016020 Membrane 70  7.56E-05

DEG, differentially expressed genes; lung SCC, lung squamous
cell carcinoma; FC, fold change; FDR, false discovery rate.

and lung SCC without metastasis were enriched in the
respective pink and black modules through Chi-square
test at the threshold of P<0.05, besides that, the expression
pattern of pink modules, as well as black module, were
significantly different between lung SCC with metastasis

and lung SCC without metastasis through z-test at the
threshold of P<0.05.

The functional annotation of DEGs persevered in the black
module and pink module

DEGs and biological function preserved in each module
were displayed in Tables 5 and 6, respectively. For the black

© Journal of Thoracic Disease. All rights reserved.

GO, Gene Ontology; FDR, false discovery rate; DEG, differentially
expressed genes.

module, Digestion (FDR =4.66E-05) and Extracellular
region (FDR =3.96E-06) were the most significant
enrichment in biological process and cellular component,
respectively; bile secretion (hsa04976, FDR =1.91E-05)
were the one significantly enriched pathways. For the pink
module, Cilium axoneme (FDR =2.38E-06) was the most
significant enrichment in biological process. There was
no KEGG pathway was enriched from DEGs of the pink

module.

PPI network
There are respective 26 and 23 DEGs related to lung SCC

jtd.amegroups.com 7 Thorac Dis 2017;9(1):42-53
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Table 3 KEGG pathway enrichment analyses of DEGs
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KEGG ID KEGG term Count FDR Genes

hsa03320  PPAR signaling pathway 9 1.64E-05 ACSBG1, FABP7, UCP1, APOA2, RXRG, ACSL4, APOCS3,
MMP1, OLR1

hsa04060  Cytokine-cytokine receptor interaction 13 1.05E-03  IL1B, KIT, CRLF2, TNFRSF19, CX3CR1, IL22RA2, CCL17,
PDGFA, FIGF, LEF, PF4, IL20, CCR6

hsa04080  Neuroactive ligand-receptor interaction 12 3.95E-03  DRD2, DRD5, NTSR1, SCTR, SSTR1, AGTR2, GRIAT1,
GRIK4, LEP, PRSS1, F2, GRIK1

hsa04920  Adipocytokine signaling pathway 6 3.01E-03 ACSBG1, G6PC2, AGRP, LER, RXRG, ACSL4

hsa04972  Pancreatic secretion 7 3.05E-03  CFTR, SCTR, BST1, CPB2, PRSS1, PLA2G2F, ATP2B3

hsa04976  Bile secretion 5 1.67E-02  CFTR, SCTR, AQP1, ABCC2, BAAT

hsa05160  Hepatitis C 3 1.50E-02  CLDN2, CLDN19, CLDN23

hsa04514  Cell adhesion molecules (CAMs) 3 1.53E-02  CLDN2, CLDN19, CLDN23

hsa04670  Leukocyte transendothelial migration 3 1.50E-02 CLDN2, CLDN19, CLDN23

hsa04530  Tight junction 3 1.50E-02  CLDNZ2, CLDN19, CLDN23

hsa04964  Proximal tubule bicarbonate reclamation 3 1.53E-02  SLC25A10, AQP1, CA4

hsa04724  Glutamatergic synapse 3 1.78E-02  GRIA1, GRIK4, GRIK1

hsa04150  mTOR signaling pathway 4 2.10E-02  RICTOR, RPS6KB1, RPTOR, FIGF

hsa05200 Pathways in cancer 3 2.18E-02  KIT, PDGFA, FIGF

KEGG, Kyoto Encyclopedia of Genes and Genomes; FDR, false discovery rate; DEGs, differentially expressed genes.
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Figure 1 Network analysis of gene expression in lung SCC identifies 19 distinct modules of co-expression genes. The dendrogram produced

by average linkage hierarchical clustering of 20,531 genes based on WGCNA package in R. Total of 19 modules were identified. The three

panels were the whole dendrogram. lung SCC, lung squamous cell carcinoma; WGCNA, weighted gene co-expression network analysis.

metastasis in the black module and the pink module. To obtain
the interaction between the DEGs in the both of modules,
PPI network was explored and visualize by Cytoscape.
As Figure 2 shown, the network consisted of 396 nodes,
379 edges. In the PPIs network, the nodes with high degree
are defined as hub protein. The most significant hub
proteins were CFTR (degree =182), LRP2 (degree =37),
HP (degree =20) and TEKT?2 (degree =15). CFTR, LRP2,

© Journal of Thoracic Disease. All rights reserved.

and HP were preserved in the black module; TEKT?2 was
preserved in the pink module.

Verification of the expression level of DEGs through
gqRT-PCR

To verify our bioinformatics analyses, the expression level
of DEGs were quantified by qRT-PCR in three primary

jtd.amegroups.com 7 Thorac Dis 2017;9(1):42-53
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tumor tissues of lung SCC patients with metastasis and three
primary tumor tissues without metastasis. Seven DEGs
including CFTR, FIGF, SSTR1, SFTPD, SCGB3A2,
SCTR, DYNLRB2 were selected as candidate genes based
on GO and KEGG annotation results from 49 genes in
black and pink module, and literature review (22-26). One

Table 4 The characteristics of gene co-expression modules

Module colors  Number Number of

consensus of genes  DEGs Tpval Chi2.pal
Black 167 26 3.95E-03  5.48E-23
Blue 1,822 61 2.06E-01 1.23E-02
Brown 1,272 44 3.45E-01 1.92E-02
Cyan 56 2 8.23E-02  8.83E-01
Green 493 6 6.68E-01 1.43E-01
Green yellow 89 0 5.25E-01 2.76E-01
Grey 1,652 52 5.38E-01 5.71E-02
Grey60 35 0 6.57E-02 7.33E-01
Light cyan 51 0 9.71E-01 5.32E-01
Light green 31 1 3.05E-01 1.00E+00
Magenta 129 1 3.95E-01 3.87E-01
Midnight blue 54 2 6.33E-02  8.49E-01
Pink 160 23 3.42E-02 1.04E-18
Purple 93 0 3.45E-01 2.59E-01
Red 441 5 7.91E-01 1.38E-01
Salmon 56 3 3.54E-01 3.21E-01
Tan 75 4 1.26E-01 2.07E-01
Turquoise 8,538 101 5.16E-01 3.12E-10
Yellow 968 13 9.01E-01 5.89E-02

DEGs, differentially expressed genes; T.pval, P value of t-test;
Chi2.pval, P value of Chi-square.

Table 5 DEGs preserved in the modules

47

DEG, ROPNIL, was randomly selected as a candidate gene
for qRT-PCR validation from 49 genes in black and pink
module.

The biological roles of CFTR, FIGE, SSTR1, SEFTPD
and SCGB3A2 in lung cancer have been reported, but the
biological roles of SCTR, DYNLRB2 an ROPNIL in lung
SCC is unclear.

As shown in Figure 34-C, FIGF (P<0.001), SFTPD
(P<0.05), DYNLRB2 (P<0.05) were significantly down-
regulated in the tumor samples of lung SCC with metastasis
compared to those of lung SCC without metastasis; the
expression levels of CFTR, SCGB3A2, SSTR1, SCTR
and ROPNI1L had no significance between lung SCC with
metastasis and lung SCC without metastasis, but had the

down-regulation tendency in lung SCC with metastasis
(Figure 3D-H).

Discussion

"Two gene co-expression modules involved in the process of
lung SCC metastasis were identified in our study. The black
module and pink module contained 26 and 23 DEGs in
lung SCC with metastasis compared to lung SCC without
metastasis, respectively. The DEGs in the black module
including CFTR, SCTR and BAAT were significantly
enriched in the bile secretion pathway (hsa04976). Bile
secretion is essential for digestion and absorption of fats and
fat-soluble vitamins in the small intestine and the pathway is
closely related to cholangiocarcinoma, gall bladder disease
and familial cholestasis (27). Bile secretion pathway might
be involved in the process of lung SCC metastasis.

The official name of CFTR is cystic fibrosis (CF)
transmembrane conductance regulator, is a member of the
ATP-binding cassette (ABC) transporter superfamily.

Mutations in this gene are associated with the autosomal
recessive disorders CF, which leads to the abnormal transport
of chloride and sodium across the epithelium, resulting
in chronic lung obstruction, infection and inflammation.

Module DEGs

Black [26] BAAT, BMP3, C160rf89, CFTR, CLDN2, CRTAC1, FIGF, HP, IGFALS, KCNK17, KLHDC7A, KNDC1,LRP2, MBL1P, NRGN,
RASGRF1, RRAD, SCGB3A1, SCGB3A2, SCN1A, SCTR, SFTPD, SLC46A2, SLC5A9, SSTR1, WFDC2

Pink [23] EFCAB12, C1orf192, C220rf15, C50rf49,C6orf165, CCDC157, CCDC42B, CCDC65, DNAH6, DYDC2, DYNLRB2, EFCABSG,

FAM166B, FAM183A, FAM92B, ROPN1L, SNTN, TEKT2, TEKT3, TMEM232, TSNAXIP1, WDR93, ZNF474

DEGs, differentially expressed genes.

© Journal of Thoracic Disease. All rights reserved.
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Table 6 The function and pathway enrichment of DEGs of black module and pink module

ID Terms FDR

Genes

Black module-biological process

GO:0007586  Digestion 4.66E-05
G0:0006811 lon transport 0.00158761
G0:0055085  Transmembrane transport 0.00176614
G0:0007165  Signal transduction 0.00987753
Black module-cellular component
GO0:0005576  Extracellular region 3.96E-06
G0:0005615 Extracellular space 3.72E-05
G0:0005886  Plasma membrane 0.000342
G0:0016021 Integral to membrane 0.013611
GO0:0016020  Membrane 0.023071
Black-KEGG pathway
hsa04976 Bile secretion 1.91E-05
Pink-biological process
GO0:0035085  Cilium axoneme 2.38E-06
G0:0005929  Cilium 1.34E-06
G0:0005737  Cytoplasm 1.31E-05
G0:0005856  Cytoskeleton 1.31E-05
GO0:0005874  Microtubule 1.31E-05

SSTR1, BAAT, SCTR

KCNK17, SCN1A, CFTR, SLC5A9
SCN1A, SLC46A2, CFTR, SLC5A9
RASGRF1, NRGN, IGFALS, RRAD

C160rf89, SCGB3A2, HF, SFTPD, FIGF, WFDC2, SCGB3A1, IGFAL

SFTPD, FIGF, WFDC2, SCGB3A1,IGFALS,BMP3

RASGRF1, SSTR1, KCNK17, SCN1A, SCTR, SLC46A2, CLDN2, LRP2, RRAD
KLHDC7A, KCNK17, SCN1A, SLC46A2, CLDN2, LRP2, CFTR, SLC5A9
KLHDC7A, KCNK17, SCN1A, FIGF, LRP2, CFTR, SLC5A

CFTR, SCTR, BAAT

TEKT3, DNAH6, TEKT2

SNTN, TEKT3, DNAH6, TEKT2
TEKT3, DNAH6, TEKT2, DYNLRB2
TEKT3, DNAH6, TEKT2, DYNLRB2
TEKT3, DNAH6, TEKT2, DYNLRB2

FDR, false discovery rate; DEG, differentially expressed genes.

CF affects not only the physiological function of lungs,
but also the pancreas, liver and intestines (22,28). In our
study, CFTR was the hub protein in the PPI network, had
the highest connectivity with 182 genes (Figure 2). It was
down-regulated in lung SCC metastasis and its expression
level was validated through qRT-PCR (Figure 3D), the
result was accordance with the previous study (29). Several
articles demonstrate that abnormal CFTR expression
is related to the tumorigenesis and development of
NSCLC. Low CFTR expression is significantly associated
with advanced stage, lymph node metastasis and poor
prognosis in NSCLC patients (22). The iz vivo and in
vitro experiments present knockdown of CFTR promotes
epithelial-mesenchymal transition, invasion and migration
of NSCLC cells; conversely, overexpression of CFTR
suppresses cancer progression of NSCLC (22). Methylation
of the CFTR gene is significantly greater in lung SCC than
in lung adenocarcinomas and CFTR gene methylation

© Journal of Thoracic Disease. All rights reserved.

is associated with significantly poorer survival in young
patients, but not in elderly patients (30). Based on the
above, low expression of CFTR might play pivotal roles in
the process of lung SCC metastasis.

SCTR encodes secretin receptor, is a G protein-coupled
receptor and belongs to the glucagon-VIP-secretin
receptor family. It has been observed to be upregulated
or down-regulated in several tumor types, and functions
as promoting or suppressing the proliferation of tumor
cells. SCTR was significantly underexpressed in primary
pancreatic neuroendocrine tumors, nodal and liver
metastases (31). Down-regulation of SCTR by promoter
methylation promotes the cell proliferation and migration
of breast cancer (32). In our study, the verification results
of SCTR through qRT-PCR were accordance with our
bioinformatics analysis. In addition to the bile secretion
pathway, SCTR was significantly enriched in neuroactive
ligand-receptor interaction and pancreatic secretion

jtd.amegroups.com 7 Thorac Dis 2017;9(1):42-53
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Figure 3 The verification of mRINA expression level of DEGs between of lung SCC with and without metastasis in primary tumor tissues
through qRT-PCR. (A) FIGF; (B) SFTPD; (C) DYNLRB2; (D) CFRT; (F) SCGB3A2; (F) SSTR1; (G) SCTR; (H) ROPNIL. M means
patients with lung SCC metastasis; MW means patients without lung SCC metastasis. *, means P<0.05; and ***, means P<0.001. lung SCC,

lung squamous cell carcinoma; DEGs, differentially expressed genes; qRT-PCR, quantitative real-time polymerase chain reactions.
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pathway (Table 3). SCTR had the connectivity with six
genes in the PPI network (Figure 2). To our knowledge, this
is the first reports presented SCTR was down-regulated
in patients with lung SCC metastasis compared to those
patients with lung SCC without metastasis. The biological
function of SCTR in process of lung SCC needs to be
further elucidated.

FIGF is also called VEGF-D or VEGFD. It encodes
c-fos induced growth factor, a member of the platelet-
derived growth factor/vascular endothelial growth factor
family and is involved in angiogenesis, lymphangiogenesis
and endothelial cell growth. VEGFD is a ligand for the
VEGEF receptor tyrosine kinases and activates it (33). The
qRT-PCR shown FIGF was significantly down-regulated
(P<0.001) in lung SCC metastasis compared to lung SCC
without metastasis (Figure 34). It was significantly enriched
in cytokine-cytokine receptor interaction, mTOR signaling
pathway and pathways in cancer. FIGF was a number of the
black module and it had the connectivity with ten genes in
the PPI network (Figure 2). In line with the previous article,
FIGF is down-regulated in lung SCC (23). The mechanism
of FIGF in lung SCC metastasis was unknown and further
studies need to be investigated.

DYNLRB2 and ROPNI1L were members of the pink
module, encodes dynein light chain roadblock-type 2 and
rhophilin associated tail protein 1 like, respectively.

ROPNIL variants were significantly associated with
breast cancer risk in Korean women and Caucasian (34,35).
The frequent amplification and copy number loss of
DYNLRB? is correlated with primary ductal carcinoma
in situ (DCIS) and mixed DCIS, respectively (36). This is
the first report displayed DYNLRB2 and ROPNIL were
dysregulated in lung SCC, and might be related to the lung
SCC metastasis.

SCGB3A2, SSTRI and SFTPD were down-regulated
in lung SCC metastasis compared to lung SCC without
metastasis. SCGB3A2 encodes secretoglobin family 3A
member 2. In lung cancer, SCGB3A2 were predominantly
expressed in lung adenocarcinoma, compared with lung
SCC and small cell carcinoma (24). It is a potentially useful
marker for primary pulmonary tumors both in mice and
humans (37). SSTR1 encodes somatostatin receptor 1,
the expression level of SSTR1 mRNA was higher
in both small cell lung cancer and lung SCC than in
adenocarcinoma cell lines (26). SFTPD encodes surfactant
protein D, is a lung-specific anti-inflammatory factor that
antagonizes inflammation by inhibiting oxidative stress and
stimulating innate immunity (38). In line with the previous
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article, SFTPD is down-regulated in NSCLC (25). The
pathophysiology mechanism of dysregulated SCGB3A2,
SSTR1 and SFTPD in lung SCC metastasis need further
investigation.

In conclusion, we identified 482 DEGs in lung SCC
without metastasis compared to lung SCC metastasis.
Two gene co-expression modules including the black
module and the pink module involved in the process of
lung SCC metastasis were identified. Respective 26 and
23 dysregulated genes were enriched in the black module
and the pink module. In the two of co-expression modules,
CFTR, SCTR, FIGF might play key roles in the lung SCC
metastasis. Our findings may contribute to the identification
of early diagnosis biomarker for lung SCC metastasis and
prognosis.

There are limitations in our study. Firstly, the biological
roles of the key DEGs including SCTR and FIGF were
unknown. In the future work, the in vivo and in vitro
experiments were essential for exploring the function
of genes mentioned above in the process of lung SCC
metastasis. Secondly, additional studies with large cohorts of
lung SCC with and without metastasis patients are needed
to demonstrate the diagnostic value of identified genes as
practical biomarkers.
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