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Abstract
Background: Non-small cell lung cancer (NSCLC) patients have a signi�cantly higher risk of developing
venous thromboembolism (VTE). Although many driver mutations as well as some susceptibility loci for
VTE have been identi�ed in NSCLC, the critical genome atlas of NSCLC patients complicated with VTE
and relevant molecular mechanisms are yet to be fully understood. The aim of this study is to investigate
the critical genes and pathways related to VTE in NSCLC patients using integrated bioinformatics
analysis.

Results: RNA-Seq data of 1014 NSCLC samples were collected and analyzed systematically to identify
the potential risk genes of NSCLC, while VTE risk genes were obtained from the associated study. The
VTE risk genes with differential expression among NSCLC were further subjected to pathway enrichment
analysis and protein-protein interaction network (PPI) analysis to determine the potential pathways
associated with developing VTE in NSCLC patients. This study identi�ed a total of 22 genes with
differential expression in the NSCLC group, which can be de�ned as VTE risk genes based on previous
studies. The PPI network analysis demonstrated that among the 22 encoded proteins, 21 including VWF,
F2, F8, and four blood coagulation associated proteins were located in the central part of the network.
The bioinformatics analysis further identi�ed enriched pathways with statistical signi�cance (P < 0.05),
most of which were associated with blood coagulation.

Conclusions: This study reveals that potential risk genes of NSCLC-associated VTE are enriched in blood
coagulation associated pathways, suggesting a signi�cant role of blood coagulation in VTE development
of NSCLC patients.

Introduction
Venous thromboembolism events (VTE) includes deep vein thrombosis (DVT), migratory
thrombophlebitis (Trousseau syndrome), and pulmonary embolism (PE). The correlation between cancer
and VTE was discovered by Trousseau in 1865. It has been reported that as many as 20% of VTE cases
derive from cancerous patients[1, 2]. Moreover, cancer-associated VTE is more aggressive and usually
associated with worse prognosis[3]. Lung cancer is one of the most common malignancies worldwide,
with a low 5-year survival rate[4, 5]. Non-small cell lung cancer (NSCLC) patients account for 80–85% of
lung cancer cases [6]. Relative risk of developing VTE in NSCLC patients is almost 2 times as high as that
in those with small-cell lung cancer (SCLC)[7]. Notably, 7.3–13.6% of patients with NSCLC are related to
VTE[8, 9]. As a VTE risk factor, NSCLC plays an important role in pathogenesis and development of
VTE[10].

Once being complicated in NSCLC patients, VTE could lead to devastating consequences. The prognosis
of NSCLC patients complicated with VTE is in�uenced by not only the thrombotic event itself, but also the
adverse effects of anti-thrombosis treatment, including bleeding, delay in delivering chemotherapy, and
interactions between the anti-thrombosis treatment and other medications[11]. In recent years, a growing
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number of studies have focused on thrombosis events and related risk factors of NSCLC patients[12–14].
Although many driver mutation genes as well as some susceptibility loci for VTE have been identi�ed in
NSCLC[15], critical and common genome atlas of NSCLC patients complicated with VTE and relevant
molecular mechanisms have yet to be fully understood.

Microarray technology, usually with bioinformatics analysis, has been widely used to pro�le gene
expression in cancer. Many studies have already employed this technology to investigate the
differentially expressed genes (DEGs) in distinct pathways, biological processes, molecular functions,
and cellular components[16, 17]. The combination of microarray technology with bioinformatics analysis
enables comprehensive analysis of changes in gene expression, providing a new and effective way to
investigate the molecular mechanisms of various diseases[18]. In this study, we carried out
bioinformatics analysis to examine characteristic changes of gene expression in NSCLC patients and
those with VTE, and then try to �nd their overlaps and correlations. The �ndings in the study could
provide some novel insights into the critical genes and pathways in both NSCLC and VTE.

Methods
Database search

RNA-seq and clinical data of NSCLC were downloaded from LUAD and LUSC datasets in the TCGA
Research Network (www.cancer.gov/tcga). Articles on Genome-Wide Association Studies (GWAS)
towards VTE risk were searched for identifying the potential VTE risk genes.

Study Selection Criteria
The clinical data and matched gene expression data were selected according to the gene expression
pro�le, while samples in TCGA database with the gene expression data were retained.

Bioinformatics Analysis

Additional quality control of the NSCLC samples was conducted according to the gene expression values
prior to differential gene expression (DGE) analysis. DESeq2 package of R program
(www.bioconductor.org/; version 3.1) was employed to carry out the DGE analysis[19], while DAVID
(https://david.ncifcrf.gov/home.jsp), an online program for identi�cation of enriched biological themes
and gene pathways[20], was used for conducting gene set and pathway enrichment analysis (GSEA)
based on GO (www.geneontology.org/) functions and Kyoto Encyclopedia of Genes and Genomes (KEGG;
www.genome.jp/kegg/pathway.html). Protein-protein interaction network (PPI) analysis was performed
to identify the association between the potential target genes on the online database STRING
(https://string-db.org/; version 11.0).

Statistical analysis

Log (fold change) for each gene between the control and case groups was calculated before T-test, and
P-value < 0.05 was considered statistically signi�cant. While the identi�ed genes were ranked according

http://www.cancer.gov/tcga
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to P-value, genes or pathways with P-value < 0.05 were selected as statistically signi�cant ones. And GO:
BP and KEGG pathways were ranked based on the number of genes enriched in pathways with statistical
signi�cance.

The schematic diagram of bioinformatics analysis was presented in Fig. 1.

Results
General characteristics

Among a total of 1144 samples with NSCLC gene expression data, 1014 with matched clinical data
consisted of 955 cases (primary tumor) and 59 controls (normal solid tissue) with a median age of 66
years (range, 33–90); out of them, 609 cases were male, while 439 were diagnosed as squamous cell
carcinoma. All the clinical characteristics were presented in Table 1.

Table 1
Demographic and clinical characteristics of samples in NSCLC and control cohorts

Category N NSCLC Control

Gender, no. (%) 1014    

Female 405 381 (39.9) 24 (40.6)

Male 609 574 (60.1) 35 (59.4)

Age, years 986    

Max   90 86

Min   33 45

Mean   66.14 67.46

Med   67 68

TNM stage, no. (%) 944    

Stage   493 (52.2)  

Stage   265 (28.1)  

Stage   154 (16.3)  

Stage   32 (3.4)  

Data on distinct characteristics are missing in a small proportion of samples as follows: Gender (− 
130), Age (− 158), TNM stage (− 141).

 

DGE Analysis Of NSCLC Group
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A total of 16,383 genes with signi�cantly differential expression (P < 0.05, Log > 1) in NSCLC patients
were identi�ed. When log of 3 or greater and − 3 or lower with P-value < 0.001 were set as the thresholds,
the number of DEGs was reduced from 16,383 to 2457, of which 2197 were upregulated, and 260 genes
were downregulated in comparison with the control group (Fig. 2).

GWAS-derived VTE Risk Genes

The literature search led to identi�cation of a total of 44 risk genes for VTE. Among them, the major
genes play a dominant role in VTE, including SERPINC1, PROC, PROS1, and F5, while the minor genes
exert a comprehensive effect towards VTE. The risk genes were listed in Table 2.
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Table 2
VTE risk genes

Risk genes Descriptions Reference

A4GALT Minor risk gene [21]

ABO Minor risk gene [21–23]

ARID4A Minor risk gene [21]

BCOR Minor risk gene [22]

BRCC3 Minor risk gene [22]

C1orf198 Minor risk gene [21]

C4BPA Minor risk gene [22]

CATSPERB Minor risk gene [22]

CD93 Minor risk gene [22]

CSRNP1 Minor risk gene [22]

CYP27C1 Minor risk gene [22]

EDEM2 Minor risk gene [22]

EIF5A Minor risk gene [21]

EPCR Minor risk gene [24]

F10 Minor risk gene [22]

F11 Minor risk gene [21–23]

F2 Classic risk gene [25]

F5 Minor risk gene [21, 26]

F8 Minor risk gene [21]

F9 Minor risk gene [22]

FGG Minor risk gene [21–23]

GP6 Minor risk gene [21, 22]

GRK5 Minor risk gene [21, 22]

HLA-C Minor risk gene [22]

MPHOSPH9 Minor risk gene [21]

MYRF Minor risk gene [22]

NUGGC Minor risk gene [21]
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Risk genes Descriptions Reference

OSMR-AS1 Minor risk gene [21]

PEPD Minor risk gene [22]

PLCG2 Minor risk gene [21, 22]

PLEK Minor risk gene [21, 22]

PROC Classic risk gene [25–27]

PROCR Minor risk gene [21, 23]

PROS1 Classic risk gene [22, 25]

RP11-122C5.1 Minor risk gene [22]

SBNO1 Minor risk gene [22]

SCARA5 Minor risk gene [22]

SERPINC1 Classic risk gene [25–27]

SLC44A2 Minor risk gene [21–23]

SMG6 Minor risk gene [21, 22]

STXBP5 Minor risk gene [21, 22]

TSPAN15 Minor risk gene [21–23]

VWF Minor risk gene [21, 22]

ZFPM2 Minor risk gene [21–23]

 

Potential Target Genes Of Nsclc Patients Complicated With VTE
VTE risk genes with differential expression among DGE analysis in NSCLC group were considered
potential target genes of NSCLC patients with VTE. The results for DGE analysis among NSCLC group
and the risk genes for VTE were comprehensively arranged. Here, a total of 22 genes were selected as the
target genes (Table 3).
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Table 3
Potential risk genes of NSCLC patients with VTE

Genes log2FoldChange (NSCLC) P-adj (NSCLC)

C1orf198 1.429057666 5.51E-106

C4BPA 1.475964587 2.31E-09

CATSPERB -1.671113149 7.23E-24

CD93 2.583538868 7.35E-143

CSRNP1 2.79589866 5.40E-170

CYP27C1 -3.238089143 3.38E-66

F10 1.945099423 3.92E-48

F11 3.411995172 1.00E-41

F2 -4.724801311 3.46E-33

F5 -1.691358458 9.02E-18

F8 2.250624177 5.83E-146

GRK5 2.607366709 9.39E-191

MPHOSPH9 -1.058150144 5.16E-52

MYRF 2.229430068 1.80E-39

PLEK -2.344300302 1.82E-86

PROS1 1.561909917 2.03E-53

SCARA5 3.06624216 2.47E-45

SLC44A2 1.059030594 1.53E-69

SMG6 -1.611735302 0.004736288

STXBP5 -5.150809183 2.61E-58

VWF 2.761452583 7.57E-141

ZFPM2 -5.313752823 6.27E-158

 

GSEA Analysis Of The Potential Target Genes
GSEA analysis of the 22 potential target genes revealed 16 signi�cantly enriched pathways that were
subsequently ranked according to the number of genes included. And the top 5 pathways involved
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complement and coagulation cascades, blood coagulation, blood coagulation-intrinsic pathway, platelet
degranulation, and vesicle-mediated ER to Golgi transport (Fig. 3).

PPI Networks Of The Potential Target Genes

PPI network analysis was performed on 21 out of the 22 potential targets genes, excluding C1orf198
whose gene function and encoded protein are not completely understood, to determine the associations
of their encoded proteins. As shown in Fig. 4, among the 21 encoded proteins, VWF, F2, F8, and other four
blood coagulation associated proteins were positioned in the central part of the sub-network, while being
associated with many other encoded proteins.

Discussion
Lung cancer is the leading cause of cancer death worldwide and has been associated with VTE in 7.3–
13.6% of patients with lung cancer[8, 9, 28]. Many factors have been shown to be involved in the
formation of VTE, including individual factors and tumor-related factors. A large prospective study
showed that the elder patients had a 10-fold higher incidence of VTE than the young patients[29].
Moreover, gender and ethnicity can serve as the risk factors[30, 31]. In a large retrospective study
conducted by Khorana et al, African American patients had the highest rate of VTE with about 5%, while
Asian/Paci�c Islander patients displayed the lowest rate of VTE with only 3%[31]. Besides, surgery and
chemotherapy for cancer could result in an increase in the risk of VTE. Notably, cancer patients have a 6
to 7-fold increased risk of developing chemotherapy-associated thrombosis[32]. The �rst evidence came
from cisplatin, a platinum-based chemotherapy drug widely used in many tumors and usually
administered in combination with other drugs[33]. Other immunosuppressive or cytotoxic agents, such as
tamoxifen, L-asparganase, and lenalidomide have also been reported to increase the risk[34]. Recent
studies have indicated that certain driver mutations of NSCLC are related to VTE, including those in
anaplastic lymphoma kinase (ALK)[14] and ROS-1[13].

However, the underlying mechanisms and biomarkers related to VTE in NSCLC are yet to be fully
understood. To our knowledge, this study is the �rst to employ the bioinformatics strategy to identify
DEGs and possible pathways in NSCLC that complicated with VTE. The �ndings in the study indicated
that most of potential risk genes of NSCLC and VTE are signi�cantly enriched in coagulation associated
pathways, including complement and coagulation cascades (8 genes), blood coagulation (8), blood
coagulation intrinsic pathway (5), and platelet degranulation (5), while genes F8, VWF, F5, F2 and F10 are
more important in the PPI network than other genes within most of the pathways(Fig. 4). Thus, we reason
that proteins encoded by the above-mentioned genes are connected with plenty of other proteins, acting
as the vital nodes in the network. In these cases, F8 gene encodes coagulation factor VIII that participates
in the coagulation by adhering to blood platelets in healthy people, whereas a higher activity of
coagulation FXIII has been detected in cancer patients in which the tumor cell acts as a stimulus for
coagulation, supporting metastatic progression by limiting NK clearance[35, 36]. Here, we showed a
signi�cantly increased expression of F8 gene in NSCLC patients (Log Fold Change = 2.25, p = 5.83E-146),
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which was in accordance with the previous study[35]. Prothrombin protein, also known as coagulation FII,
encoded by F2 gene, enhances tumor cell proliferation and tumor cell adherence to platelets, promoting
tumor angiogenesis and the reconstruction of tumor microenvironment by up-regulating the expression of
VEGF, MMP-2, IL-8 via MAPK, ERK and PI3-K signaling pathways, and ultimately leading to increased
tumor growth, invasion and metastasis[37, 38].

Our study shows the upregulation of F2 and F5 gene in VTE, indicating a high risk of VTE, while they are
downregulated in NSCLC. The possible reason is that some NSCLC patients were treated with
chemotherapy and radiotherapy, which may cause impaired synthesis of normal clotting factors in liver.
Another opposite regulated gene in our study is PROS1, which is downregulated in VTE but upregulated in
NSCLC. PROS1 encodes vitamin K-dependent plasma protein S, which acts as an anticoagulant protease
cofactor to activate protein C and inhibits blood coagulation. Thus, the decreased expression of S protein
will lead to an increased risk of thrombosis. However, the explanation for the upregulation of PROS1 in
NSCLC may due to tumor associated macrophages and glial cells can also secrete protein S[39].

A recent study analyzed the differential gene expression and pathway enrichment among 24 colorectal
cancer patients with or without VTE, and found that the coagulation system pathway was associated
with VTE[40]. Another study involving 12 lung cancer patients with or without VTE identi�ed 1037 genes
with differential expression[41]. In this study, the identi�ed top genes with the highest Log were
associated with innate immunity and in�ammatory pathways, suggesting a signi�cance of the immunity
and in�ammatory pathways for thrombosis of lung cancer patients. Although the present study revealed
a difference between the differentially expressed genes and potential risk genes, multiple studies
including the present one demonstrated that thrombosis, the increased coagulation factors, and
abnormal coagulation can serve as risk factors for developing VTE in cancer patients.

The �ndings in this study suggest that coagulation, the pathological basis of the thrombotic events, is
associated with the occurrence of VTE in NSCLC patients based on bioinformatics analysis at the gene
level. Moreover, we identi�ed and partly discussed the potential risk genes for developing VTE in NSCLC
patients in the study. More importantly, we employed multiple �exible bioinformatics approaches
including DGE, PPI and pathway enrichment analysis, together with an open-source bioinformatics
database to undertake statistical analysis on the limited samples.

There are some limitations in the present study. Firstly, a limited number of transcriptome data for NSCLC
were enrolled, while no transcriptome data for VTE or VTE with NSCLC were used in the study due to
limited data sources. Secondly, all data used in the study are obtained from open sources, consisting of
NSCLC patients and VTE risk genes separately, which lack of speci�city towards the NSCLC patients with
VTE. Thirdly, the risk genes were only analyzed and discussed in the level of transcriptome and genome,
while further studies at different levels such as proteome, methylome, and metabolome are required.
Given that this study is limited to preliminary screening results, further study based on large samples
from NSCLC with VTE expanding multi-omics is needed to identify risk factors for developing thrombotic
events in NSCLC patients.
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Conclusions
This study reveals that potential risk genes of NSCLC-associated VTE are enriched in blood coagulation
related pathways, suggesting a vital role of the blood coagulation in development of VTE in NSCLC
patients. Our �ndings may lead to identi�cation of potential targets for prevention and therapy of NSCLC-
associated VTE.
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Figure 1

The schematic diagram of the bioinformatics analysis.
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Figure 2

Identi�cation of 2457 differentially expressed genes between NSCLC group and the control using R
program. Among these DGEs, 260 are downregulated, and 2197 are upregulated.
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Figure 3

Enriched pathways of potential risk genes of NSCLC patients with VTE.
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Figure 4

The PPI network of potential risk genes of NSCLC patients with VTE.


