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Background: The aim of this study was to predict and explore the possible mechanism and 

clinical value of genetic markers in the development of lung cancer with a combined database 

to screen the prognostic genes of lung cancer.

Materials and methods: Common differential genes in two gene expression chips (GSE3268 

and GSE10072 datasets) were investigated by collecting and calculating from Gene Expression 

Omnibus and The Cancer Genome Atlas databases using R language. Five markers of gene 

composition (ribonucleotide reductase regulatory subunit M2 [RRM2], trophoblast glycoprotein 

[TPBG], transmembrane protease serine 4[TMPRFF4], chloride intracellular channel 3 [CLIC3], 

and WNT inhibitory factor-1 [WIF1]) were found by the stepwise Cox regression function when 

we further screened combinations of gene models, which were more meaningful for prognosis. 

By analyzing the correlation between gene markers and clinicopathological parameters of lung 

cancer and its effect on prognosis, the TPBG gene was selected to analyze differential expression, 

its possible pathways and functions were predicted using gene set enrichment analysis (GSEA), 

and its protein interaction network was constructed using the Search Tool for the Retrieval of 

Interacting Genes/Proteins (STRING) database; then, quantitative PCR and the Oncomine data-

base were used to verify the expression differences of TPBG in lung cancer cells and tissues.

Results: The expression levels of five genetic markers were correlated with survival prognosis, 

and the total survival time of the patients with high expression of the genetic markers was shorter 

than those with low expression (P,0.001). GSEA showed that these high-expression samples 

enriched the gene sets of cell adhesion, cytokine receptor interaction pathway, extracellular 

matrix receptor pathway, adhesion pathway, skeleton protein regulation, cancer pathway and 

TGF-b pathway.

Conclusion: The high expression of five gene constituent markers is a poor prognostic factor 

in lung cancer and may serve as an effective biomarker for predicting metastasis and prognosis 

of patients with lung cancer.
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Introduction
Lung cancer is the second most common cause of death (.1.3 million people world-

wide every year).1,2 Many patients are diagnosed in the advanced stage, which often 

occurs during distant metastasis and leads to a low cure rate.3 Most patients miss the 

opportunity to have radical surgery and are treated with chemotherapy, radiation 

therapy, or targeted therapy. Currently, the low cure rate and the high recurrence rate 

correspondence: Fuqiang Wen
Department of respiratory and critical 
care Medicine, West china hospital 
of sichuan University, guoxuexiang 37, 
chengdu 610041, sichuan, china
Tel +86 28 8542 2350
Fax +86 28 8558 2944
email wenfuqiang.scu@gmail.com 

Journal name: OncoTargets and Therapy
Article Designation: Original Research
Year: 2019
Volume: 12
Running head verso: Liu et al
Running head recto: Liu et al
DOI: 183944

https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S183944
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:wenfuqiang.scu@gmail.com


OncoTargets and Therapy 2019:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

710

liu et al

of lung cancer remain the biggest problem. Therefore, further 

research on the pathogenesis, development and prognosis of 

lung cancer will help to discover new targets and therapeutic 

drugs.4 The generation and development of tumor lesions are 

complex processes involving several events, including abnor-

mal expression of multiple genes that can cause abnormali-

ties in the body, and these genes and their products interact 

in a way that regulates the network. In the clinical practice 

of lung cancer, with the wide application of genome-wide 

gene expression chips, a large number of molecular markers 

that were developed based on gene expression profiles are 

used for early diagnosis, molecular typing, chemotherapy 

sensitivity, drug resistance, prognosis monitoring, etc.5–7 

Therefore, the detection of gene prognostic markers and 

their applications in both theory and practice are of great 

value and significance.

The Cancer Genome Atlas (TCGA) is a database of the 

most large-scale sequencing results, which provides compre-

hensive cancer genomic datasets on tumor staging, metasta-

sis, survival, patient age, gender and corresponding clinical 

numbers for researchers. The Gene Expression Omnibus 

(GEO) database is a comprehensive library of gene expres-

sion in the National Center of Biotechnology Information 

(NCBI) which is one of the world’s largest database of gene 

chips.8,9 The methods of mining the GEO database mainly 

include the screening of differentially expressed genes, the 

study of molecular signaling and correlation, and the analysis 

of gene regulation networks.

Ribonucleotide reductase regulatory subunit M2 (RRM2) 

is a rate-limiting enzyme for DNA synthesis and repair 

related to the growth, metastasis, and drug resistance of 

malignant tumors. It is low- or nonexpressed in normal 

human cells and tissues but overexpressed in malignant 

tumor, such as hepatocellular carcinoma, pancreatic car-

cinoma, non-small-cell lung cancer (NSCLC) and colon 

cancer.10–12 Transmembrane protease serine 4 (TMPRSS4) 

gene, one of the type II transmembrane serine proteases, has 

protease activity, which has been shown to enhance tumor 

cell invasion and migration.13 Chloride intracellular channel 

3 (CLIC3) regulates the transmembrane transport of C1-, 

which plays a key role in cell volume and is closely related to 

the apoptosis and migration of tumor cells.14 WNT inhibitory 

factor-1 (WIF1) is the inhibitory factor of classical WNT 

signaling pathways, which play an important role in the 

development of tumor.15 Trophoblast glycoprotein (TPBG), 

also known as 5T4, a type of oncofetal glycoprotein, which 

is also a member of LRR protein family, shows low expres-

sion in normal adult tissue and higher expression in embryo 

development and cancer.16 TPBG is associated with the 

process of epithelial–mesenchymal transition (EMT) and 

cancer stem cells in NSCLC.17,18 Recent research found that 

high expression of TPBG as a strong invasive indicator can 

be detected in many cancers, such as lung cancer, colorectal 

cancer, gastric cancer, and ovarian cancer.17,19–21 Therefore, 

we combined TCGA and GEO databases in the present study 

to explore the possible mechanisms and clinical value of 

gene markers involved in the development of lung cancer 

and further identify the gene molecular markers associated 

with the prognosis. To the extent of our knowledge, no 

relevant research has been conducted yet.

Materials and methods
Identification of DEGs from the  
geO database
We selected GSE3268 and GSE10072 datasets from the 

GEO database. The GSE3268 dataset is the cell line data of 

squamous cell lung cancer patients. Each pair of samples 

represents a single patient with squamous lung cancer. One 

is derived from the cancer cells, and the other is from the 

normal cells. There were five patients, and each patient had 

two arrays. The GSE10072 dataset consisted of 58 lung 

adenocarcinoma tissues and 49 controls, all of which were 

fresh frozen tissue samples. Then, we used “limma”, “Robus-

tRankAggreg”. R language package, according to adjusted 

P,0.01 and |log FC|.2 as the threshold to find the common 

differential genes in the two chips.

gene functional and pathway analysis
Predicted target genes were subjected to the Gene Ontology 

(GO) terms and pathway enrichment analysis were applied 

using Metascape database (http://metascape.org/gp/index.

html#/main/step1).

Tcga database and data collection
We retained cases of clinical parameters and survival data in 

the TCGA lung adenocarcinoma dataset; there were a total 

of 535 tumor tissue samples. We combined differential genes 

with TCGA data and performed single-factor regression of 

mRNA. Afterward, based on a linear combination of Akaike 

information criterion (AIC)-based expression values, we used 

a stepwise Cox regression analysis to build a prognostic marker 

consisting of prognostically relevant mRNA. Next, we used the 

following formula to construct a prognostic risk score model: 

risk score = expGene1 × bGene1 + expGene2 × bGene2 + 

expGenen × bGenen (exp, prognostic gene expression level; 

b, multivariate Cox regression model regression coefficients).

www.dovepress.com
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gene set enrichment analysis (gsea)
The expression profile data were ranked according to the 

TPBG expression from high to low quartiles, and the top 

25% and the bottom 25% of the data were selected as high 

and low groups. Then, we downloaded the c2.cp.kegg.

v6.1.symbols.gmt and c5.all.v6.1.symbols.gmt datasets from 

the GSEA website and MsigDB database, and analyzed 

our data using GSEA version 3.0 software. In addition, we 

performed the enrichment analysis according to the expres-

sion data. We set a random combination of 1,000 analyses, 

which yielded the functions involved in both the high- and 

low-expression groups.

constructing protein interaction 
networks
We used the Search Tool for the Retrieval of Interacting 

Genes/Proteins (STRING) website to map the TPBG protein 

interaction network.

Database analysis of differential expression 
and prognosis of the TPBg gene
The expression of the TPBG gene in TCGA lung cancer data-

base was extracted. We used GraphPad software (GraphPad 

Software, Inc., La Jolla, CA, USA) to draw the difference 

scatter plot. The survival curve of TPBG gene was conducted 

with Kaplan-Meier Plotter.

Oncomine database extraction
The Oncomine database (http://www.oncomine.org) is cur-

rently the world’s largest oncogene chip database and inte-

grated data-mining platform for the purpose of mining cancer 

gene information. To date, the database has collected 715 

gene expression datasets and 86,733 pieces of cancer tissue 

and normal tissue sample data. The Oncomine database was 

applied for differential expression classification of common 

cancer types, and their respective normal tissues, as well as 

clinical and pathological analyses.

The human Protein atlas
The Human Protein Atlas (https://www.proteinatlas.org/) 

provided large amounts of transcriptomics and proteomics 

data in specific human tissues and was composed of Tissue 

Atlas, Cell Atlas, and Pathology Atlas. This database offered 

the cell-specific localization information across 44 different 

normal tissues and organs as well as 20 of the most common 

types of cancer. In addition, immunohistochemistry (IHC)-

based protein expression patterns in normal human tissues 

and tumor tissues were used to generate an expression map 

by using data from The Human Protein Atlas. In this study, 

we utilized this database to explore the protein expression 

of the TPBG gene in normal lung tissues and cancer tissues.

cell culture
Human lung adenocarcinoma A549 and SPCA-1 cells were 

purchased from the American Type Culture Collection 

(ATCC, Manassas, VA, USA). Human bronchial epithelial 

16-HBE-T cells were purchased from MssBio Co., Ltd. 

(Guangzhou, China). A549 and SPCA-1 cells were cultured 

in minimal essential medium supplemented with 10% (v/v) 

FBS, Glutamax, nonessential amino acids, and sodium pyru-

vate salt solution (0.1 mol/L) (Minimal Essential Medium; 

Grand Island, New York, NY, USA). The 16-HBE-T cells 

were cultured in RPMI-1640 medium (Grand Island) supple-

mented with 10% FBS. All the cell lines were grown in a 

humidified incubator (5% CO
2
) at 37°C.

Detection of TPBg gene expression level
Total RNA was extracted from the cells using the TRIzol 

reagent (Thermo Fisher Scientific, Waltham, MA, USA). 

Single-strand cDNA was synthesized from 1 mg of total RNA 

using the Prime-Script™ Reagent Kit with gDNA Eraser 

(Takara Biotechnology Co. Ltd., Dalian, China). To detect 

the expression of mRNA of TPBG gene, reverse transcription 

quantitative PCR (RT-qPCR) was conducted on a 7300 PCR 

system (Thermo Fisher Scientific). The primers were as follows: 

TPBG sense, 5′-ATTGGGGATTAAGCGGTCCC-3′ and anti-

sense, 5′-GAACTTGGCTAACCCCCTCG-3′. The following 

cycling conditions were applied: 95 or 5 minutes, followed by 

40 cycles of 95°C for 20 seconds and 60°C for 30 seconds. 

For each sample, qPCR assays were conducted in triplicate in 

a 10 mL reaction volume. b-Actin served as an internal control 

to normalize the expression of PLAU. The 2-Ct method was 

employed to calculate the relative expression of TPBG mRNA.

statistical analyses
Data were analyzed in SPSS 19.0 software (IBM Corporation, 

Armonk, NY, USA). Chi-squared test and Fisher’s exact test 

were used to analyze counting data, and a Student’s t-test 

was used to analyze measurement data. Kaplan–Meier (K–M) 

and log-rank analyses were used to analyze survival curves. 

A Cox model was used to analyze relationships between 

data and patients. P,0.05 was considered to be statistically 

significant. For GSEA analysis, gene clusters with false 

discovery rates (FDRs) ,0.25 and P,0.05 were considered 

to be significantly enriched genes.
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Results
GEO datasets filter differential genes
We selected 80 significantly upregulated and downregulated 

differential genes common to the two chips, including 40 

highly expressed genes and 40 low expressed genes, using 

“RobustRankAggreg”. R language package was used to 

visualize these genes (Figure 1).

enrichment analysis of functional 
pathways
GO terms’ function analysis and pathway enrichment 

analysis of differential mRNA were conducted using the 

Metascape database, and a heatmap was constructed on one 

of the most significant pathways and functions from the top 

20 according to the P-value (Figure 2A). The results of GO 

analysis found that the significant enrichment of biological 

processes was composed of four parts: vasculature develop-

ment, response to growth factor, epithelial cell differentia-

tion, and positive regulation of cell death. The genes that were 

highly enriched were picked out, and grouped and clustered 

them by the function pathway correlation and constructed the 

network. Different colors in the diagram represent different 

categories (Figure 2B). The dark color bar indicates that 

the greater number of genes are enriched in the pathway or 

biological process (Figure 2C).

correlation analysis between gene markers 
and survival of lung cancer patients and 
verification using the TCGA database
Based on the linear combination of AIC-based expression 

values, stepwise Cox regression analysis was used to con-

struct a prognostic model consisting of five prognostically 

relevant mRNAs. This new prognostic model formula is as 

follows: risk score = (0.1223×expression value of RRM2) + 

(0.1780×expression value of TPBG) + (-0.072×expression 

value of CLIC3) + (0.1276×expression value of TMPRSS4) +  

(-0.034×expression value of WIF1). The survival curves 

of lung cancer patients according to the expression of these 

five mRNAs are shown in Figure 3A. The 5-year overall 

survival (OS) rate of the low-expression group in the new 

prognostic model of the mRNA marker was significantly 

higher than that of the high-expression group (P=0.0005), 

and the 5-year OS rate of patients with advanced stage lung 

cancer was significantly lower than those with early stage 

lung cancer (P=0.0006) (Figure 3C). Similarly, 5-year OS 

rate of patients with higher tumor size (T) and node (N) stage 

was significantly lower than those with lower T and N stage 

(P=0.0001) (Figure 3B and D). The abovementioned results 

indicate that these five mRNAs may serve as good prognostic 

markers for lung cancer patients.

The expression level of mRNA marker, TMN stage, 

clinical stage, and age were incorporated in the Cox regres-

sion model. The results of univariate analysis showed 

statistically significant correlation among mRNA expres-

sion levels (P=6.37e-04), clinical stage (P=4.28e-08), N 

stage (P=1.86e-05), and T stage (P=2.02e-04). Multivariate 

analysis found that high expression of mRNA markers and 

clinical stage were independent prognostic factors for lung 

cancer patients (Table 1).

gsea of TPBg gene
GSEA showed that high TPBG expression samples were 

mainly enriched in extracellular matrix (ECM) receptor inter-

action pathway gene sets, cell cycle gene sets, p53 pathway 

gene sets, and more correlated gene sets (P,0.05; Figure 4).

survival analysis of TPBg in KM Plotter
A total of 1,926 patients were included in this prognostic 

study: 571 patients were grouped into the high TPBG 

expression group and the other 1,355 patients were grouped 

into the low TPBG expression group. K–M survival curves 

in Figure 5A show that the higher expression level of 

TPBG was significantly correlated with worse survival  

(P=0.0093).

Protein–protein interaction shows that TPBG is regulated 

by many genes, which jointly regulate the occurrence and 

development of tumor (Figure 5B).

gene expression levels of TPBg in lung 
cancer cells and tissues
In the TCGA database, the gene expression level of TPBG 

in lung adenocarcinoma tissue was significantly higher than 

that in paracancerous tissue (Figure 6A). The RT-qPCR 

results displayed that the gene expression level of TPBG in 

A549 lines and SPCA-1 was significantly higher than that 

of 16-HBE-T lines (Figure 6B and C).

analysis of the TPBg gene expression 
in the Oncomine database and human 
Protein atlas
The Oncomine database is used to further analyze the 

expression of TPBG in other lung squamous cell carci-

noma datasets. 1) “Cancer Type: Lung Cancer”; 2) “Gene: 

TPBG”; 3) “Data Type: mRNA”; 4) “Analysis Type: Cancer 

vs Normal Analysis”, and 5) Threshold Setting Condition 

www.dovepress.com
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Figure 1 common differential genes in two chips.
Note: red represents upregulated genes, green represents downregulated genes and gse represents chip datasets.

(P,0.001, fold change .2, gene rank = top 10%). TPBG 

gene expression data were collected in a total of 422 different 

types of tumor studies (Figure 7A). Of these, 46 studies were 

statistically significant for TPBG expression (38 studies for 

increased TPBG expression, and eight studies for reduced 

TPBG expression). The expression was increased in seven 

lung cancer studies. Three of the seven lung cancer datasets 

were related to lung squamous cell carcinoma, so we 

www.dovepress.com
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Figure 2 Biological processes enriched in gO terms and enrichment distribution of Degs in pathways.
Notes: (A) Top 20 functional path enrichment analysis heatmap. (B) network of functional and pathway enrichment. The darker the color, the more genes that are enriched 
in this pathway or biological process. (C) network showing functional and pathway correlations. Different colors in the map represent different functional groups.
Abbreviations: Degs, differentially expressed genes; gO, gene Ontology.

further validated the expression of TPBG in lung squamous 

cell carcinoma. We filtered out three datasets: Hou Lung 

(203476_at), Bhattacharjee Lung (368_at), and Wachi Lung 

(203476_at). In the three studies, the expression level of 

TPBG in lung squamous cell carcinoma was higher than 

that in the normal group (P,0.001; Figure 7B–D). Finally, 

we used the Human Protein Atlas database to verify the his-

tological level of TPBG, and the results suggest that TPBG 

is downregulated in normal tissue and upregulated in lung 

cancer tissues (Figure 7E and F).

Discussion
Lung cancer is one of the most common malignancies in 

the world. Due to fewer characteristic clinical features in 

the early stages, .85% of patients with NSCLC are diag-

nosed definitely in the advanced stages. Therefore, it is of 

great significance to explore the mechanism of occurrence 

and progression of lung cancer and find effective tumor 

markers.

Previous studies showed that high expression of the 

RRM2 gene was associated with an increase in microvessel 
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Figure 3 K–M analysis of TPBg and other clinicopathological parameters.
Notes: (A) The K–M curve shows the relationship between gene signature expression and survival of lung cancer patients. (B) The K–M curve shows the relationship 
between clinical stage and survival of lung cancer patients. (C) The K–M curve shows the relationship between n stage and survival of lung cancer patients. (D) The K–M 
curve shows the relationship between T stage and survival of lung cancer patients. ***P,0.001.
Abbreviations: K–M, Kaplan–Meier; n, node; T, tumor size; TPBg, trophoblast glycoprotein.

Table 1 cox regression model analysis of overall survival in ovarian epithelial serous tumors

Variables Univariate analysis P-value Multivariate analysis P-value

HR 95% CI of HR HR 95% CI of HR

age (,60 vs $60) (years) 1.084 0.7304–1.608 0.689 1.5444 0.9158–2.605 0.1031
stage (i–ii vs iii–iV) 2.817 1.945–4.081 4.28e-08*** 3.4494 1.237–9.622 1.80e-02*
mrna risk score (low vs high) 1.653 1.239–2.207 6.37e-04*** 2.2696 1.4424–3.571 3.94e-04***
Mi vs M0 1.828 0.9734–3.432 0.0606 0.6405 0.2283–1.797 0.397250
n0 + n1 vs n2 + n3 2.437 1.621–3.664 1.86e-05*** 0.7024 0.2680–1.841 0.472320
T1 + T2 vs T3 + T4 2.439 1.524–3.902 2.02e-04*** 1.6833 0.9192–3.083 0.091573
smoke ($ 3 vs ,3) 1.191 0.8041–1.765 0.383 1.4059 0.8924–2.215 0.141845

Note: *P,0.05; ***P,0.01.

density in cervical cancer.22,23 Low expression of the RRM2 

gene predicted a better prognosis for platinum treatment in 

NSCLC,10 and under these conditions may ease the resis-

tance of gemcitabine in patients with pancreatic cancer.24 

The TMPRSS4 gene participates in, as well as promotes, 

the proliferation, invasion, and metastasis of breast, pros-

tate, and gastric cancers, and the high expression of the 

TMPRSS4 gene was correlated with patients’ poor progno-

ses.25–29 CLIC3 is known as a monitoring prognosis index 

of gallbladder cancer and it also has the ability to promote 

invasion and metastasis in breast cancer.14 Silencing of the 

tumor suppressor gene WIF1 can promote hypermethylation, 

which indicates that WIF1 may be a diagnostic biomarker 

for colorectal cancer and breast cancer.30,31

Naganuma et al19 assessed the expression levels of TPBG 

in 62 patients with gastric cancer using IHC and found 

that it can be detected in 51.6% of primary gastric cancer 

patients. The study also showed that the 5-year OS rate of 

www.dovepress.com
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Figure 4 TPBg correlated enrichment gene analysis with gsea.
Notes: (A) Dna_rePlicaTiOn (P=0.000; FDr =0.000; es =0.716). (B) ecM_recePTOr_inTeracTiOn (P=0.000; FDr =0.037; es =0.372). (C) cell_cYcle 
(P=0.000; FDr =0.000; es =0.576). (D) P53_signaling_PaThWaY (P=0.000; FDr =0.001; es =0.489).
Abbreviations: ecM, extracellular matrix; es, enrichment score; FDr, false discovery rate; gsea, gene set enrichment analysis; Kegg, Kyoto encyclopedia of genes and 
genomes; TPBg, trophoblast glycoprotein.

TPBG-positive patients was significantly poorer than that of 

TPBG-negative patients, suggesting that TPBG gene expres-

sion levels were correlated with the prognosis of gastric 

cancer patients, which means that the high-expression level 

of TPBG often indicates poor prognosis in gastric cancer.

Based on the GEO database and the Metascape web-

site, our study screened out five markers (RRM2, TPBG, 

TMPRSS4, CLIC3, and WIF1) that are related to the prog-

nosis of lung cancer. The TCGA database was then used to 

further verify the relationship among the expression levels 

of these five markers and TMN stage, clinical stage, age, 

gender, and prognosis of lung cancer. Our results predicted 

that these five gene markers may be closely related to the 

development of lung cancer. Further research and valida-

tion on the TPBG gene showed a clear correlation between 

the expression level of TPBG and survival of patients. 

Patients with a high TPBG expression level presented a 

poor prognosis. The verification results in tissues and cells 

showed that the expression of the TPBG gene was higher in 

lung cancer tissues and lung cancer cells than normal adja-

cent tissues and cells, indicating that this gene may play a 

catalytic role in the occurrence and progress of lung cancer.

The interaction of ECM directly and indirectly affects the 

activity of cells and affects their biological behavior, such 
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Figure 5 survival prognostic curve and related protein interaction network of TPBg in the KM Plotter.
Notes: (A) The relationship between the expression level of TPBg a in the KM Plotter and the Os period of lung cancer patients. (B) Protein–protein interactions: circles 
represent the protein; straight lines represent the interaction between proteins, and thicker lines mean the stronger interaction between the two.
Abbreviations: KM, Kaplan-Meier; TPBg, trophoblast glycoprotein.

as the local invasion and distant metastasis of tumor cells. 

It is known that DNA replication is the basic process that 

ensures accurate reproduction of cells’ genetic information 

and correct transfer to progeny cells.31,32 However, under 

various pressures in the body, DNA replication is vulner-

able to interference and generates damage, resulting in DNA 

replication stagnation, affecting the stability of the genome, 

and even inducing cell apoptosis, necrosis, and cancera-

tion. It is generally known that p53 is a transcription factor 

that binds specifically to DNA.33 Under stimulations, such 

as genomic instability, hypoxia, and carcinogenic factors, 

the expression of specific genes can be regulated to induce 

cell cycle suspension, apoptosis, DNA repair, etc.34–36 In 

this study, GSEA analysis showed that the high-expression 

samples of TPBG are mainly enriched into ECM receptor 

interaction pathway gene sets, cell cycle gene sets, DNA 

replication gene sets, p53 pathway gene set, etc. Therefore, 

it is speculated that TPBG may affect patients’ survival 

Figure 6 (Continued)
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Figure 7 analysis of the TPBg gene in the Oncomine database and human Protein atlas.
Notes: (A) expression of TPBg in all tumor studies in the Oncomine database. (B–D) expression of TPBg in chips of different lung cancer studies in the Oncomine database. 
***P,0.01. (E, F) expression of TPBg in lung cancer samples and normal tissues in the human Protein atlas.
Abbreviations: cns, central nervous system; TPBg, trophoblast glycoprotein.

Figure 6 schematic of the difference between the expression of the TPBg gene in lung cancer cells.
Notes: (A) scatter plots of differential expression of the TPBg gene in Tcga lung cancer tissues. The left side green represents the expression in the control group, the 
right side red represents the expression in the cancer tissue, and the difference is significant, P,0.001. ***P,0.01. (B) histogram of the difference between TPBg expression 
levels in lung adenocarcinoma cell of a549 and normal bronchial epithelial cell lines. **compared with the normal groups, P,0.05. (C) histogram of the difference between 
TPBg expression levels in lung adenocarcinoma cell of sPca-1 and normal bronchial epithelial cell lines. **compared with the normal groups, P,0.05.
Abbreviation: TPBg, trophoblast glycoprotein.
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by participating in cell proliferation and/or invasion and 

metastasis process, demonstrating that TPBG can be used 

as a valid biomarker to predict occurrence, metastasis, and 

long-time survival.

Conclusion
We found that the high expression of markers consisting of 

RRM2, TPBG, TMPRSS4, CLIC3 and WIF1 genes as a poor 

prognostic factor predicted metastasis and prognosis of lung 

cancer patients. Furthermore, it was found that the expres-

sion level of TPBG in lung adenocarcinoma carcinoma and 

squamous cell carcinoma was statistically higher than that in 

paracancerous tissues and normal bronchial epithelial cells 

through the analysis of qPCR and the Oncomine database. 

The biological characteristics and clinical significance of 

TPBG need more verification and judgment.
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