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Abstract
Objective Solid tumors often establish a procoagulable state that can lead to venous thromboembolism (VTE). Although 
some of the key genes involved in this process are known, no previous study has compared the “coagulome”, i.e., the expres-
sion of coagulation/fibrinolysis genes, across different primary tumor types. It is also unclear whether the coagulome is 
associated with specific characteristics of the tumor microenvironment (TME). We aimed to address this question.
Methods We analyzed the expression of the genes F3, PLAU, PLAT, PLAUR, SERPINB2, and SERPINE1 in 32 cancer types 
using data from The Cancer Genome Atlas (TCGA) and other freely available resources.
Results We identified specific expression patterns of procoagulant and fibrinolytic genes. The expression of the Tissue Fac-
tor (F3) was found to be tumor type dependent, with the highest expression in glioblastoma (GBM), a highly procoagulable 
tumor type. Conversely, high expression of the fibrinolysis gene cluster PLAU, PLAUR, SERPINE1 was consistently linked 
to the characteristics of the TME (monocytic infiltration) and high expression of important checkpoints of the immune 
response, such as PD-L2 and CD276/B7-H3.
Conclusion These tumor-specific patterns of expression might partially explain the differences in VTE risk among tumor 
types. We propose that biomarkers of coagulation fibrinolysis might provide valuable information about the TME in cancer 
patients.
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KIRP  Kidney renal papillary cell carcinoma
LIHC  Liver hepatocellular carcinoma
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LUSC  Lung squamous cell carcinoma
MESO  Mesothelioma
NES  Normalized enrichment score
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PAI-1/2  Plasminogen activator inhibitor-1/2
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RSEM  RNA-seq by expectation maximization
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TCGA   The Cancer Genome Atlas
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THYM  Thymoma
THCA  Thyroid carcinoma
TF  Tissue factor
tPA  Plasminogen activator
TME  Tumor microenvironment
UCS  Uterine Carcinosarcoma
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uPA  Urokinase plasminogen activator
UVM  Uveal melanoma
VTE  Venous thromboembolism

Introduction

Venous thromboembolism (VTE) frequently occurs in 
patients with solid tumors and represents a major cause of 
mortality and morbidity in cancer patients [1, 2]. Depending 
on the study and their design, cancer patients are reported to 
have a 4- to sevenfold increase in the relative risk of VTE as 
compared to the general population or patients without can-
cer [1, 2]. The pathogenesis of cancer-associated thrombosis 
(CAT) is complex. General risk factors (typically older age 
and reduced mobility) and the use of potentially procoagu-
lant anticancer therapies (surgery, chemotherapy, and antian-
giogenic drugs) are well-recognized risk factors for VTE [3]. 
To date, thrombophylaxis is not routinely recommended for 
all outpatients with cancer, but a regular assessment of the 
risk of VTE is recommended [4, 5]. Importantly, different 
types of primary tumors vary greatly in their propensity to 
cause VTE: glioblastoma multiforme (GBM) and pancreatic 
adenocarcinoma (PAAD) are typically considered to be the 
tumor types with the highest risk of VTE [1, 2]. The differ-
ences in the risk of VTE across tumor types could partially 

be accounted for by differences in the prothrombic properties 
of the tumor tissue, but currently there are no studies that 
address this possibility across a large set of human tumors.

Tumor cells can directly activate blood clotting by pro-
ducing and releasing the major procoagulant factor, Tissue 
Factor (TF), encoded by the gene F3 [3, 6]. TF is a cell-
associated receptor that can activate the coagulation fac-
tor VII, leading to the activation of the common pathway 
and activating thrombin, thus promoting coagulation in a 
large variety of tumor types [6]. TF is typically expressed 
by cancer cells and the multiple nonmalignant cell types 
that constitute the tumor microenvironment (TME). It plays 
a pivotal role in CAT, either at the tumor cell surface or in 
the form of TF-bearing microparticles that are shed in the 
TME [7]. GBM, which has been identified as a high-risk 
tumor type for VTE, express TF at high levels [8]. In GBM, 
the expression of TF is related to the histological subtype 
of GBM, the presence of genomic alterations, and possi-
bly also the acquisition of mutations in proto-oncogenes or 
miRNA [8]. The procoagulant effect of TF is counteracted 
by fibrinolysis. The Tissue Plasminogen Activator (tPA) and 
Urokinase Plasminogen Activator (uPA), two serine pro-
teases encoded by the genes PLAT and PLAU, respectively, 
activate plasminogen, which degrades fibrin. Their activity 
is inhibited by the serpin inhibitors plasminogen activator 
inhibitor-1 (PAI-1) and plasminogen activator inhibitor-2 
(PAI-2) encoded by the genes SERPINE1 and SERPINB2, 
respectively. The activity of uPA is increased upon its bind-
ing to its glycolipid-anchored receptor, uPAR (encoded by 
the gene PLAUR ) [3]. The qualitative equilibrium achieved 
between procoagulant and fibrinolytic cascades defines a 
tumor-specific « coagulome», as was proposed by Rak and 
colleagues [9, 10].

The tumor microenvironment (TME) consists of a variety 
of cell types that have a symbiotic relationship and contrib-
ute to the tumor ecosystem [11]. Coagulation and fibrinoly-
sis are under complex regulation by inflammation and the 
local recruitment of leukocytes in the TME [12, 13]. To date 
however, no study has addressed in depth the link between 
the coagulome and the cellular nature and properties of the 
TME. Importantly, the exploitation of genomic data has 
recently permitted progress toward a better understanding 
of TME regulation [14]. Genomic data, especially that made 
available from The Cancer Genome Atlas (TCGA), enable 
pan-cancer studies covering multiple aspects of cancer biol-
ogy [15, 16], including the study of the TME [17–19]. In the 
present study, we examined the expression and regulation 
of the tumor coagulome across the main human tumors. We 
used RNAseq data to analyze mRNA levels of six key genes 
of coagulation and fibrinolysis (F3, PLAT, PLAU, PLAUR, 
SERPINE1 and SERPINB2) to explore their expression in 
relation to clinical and pathological parameters in 10,071 
individual tumor samples and 32 tumor types.
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Materials and methods

Patient and gene expression data

Basic clinical, pathological, and genomic data (RNA SeqV2 
data normalised using RNA-Seq by Expectation Maximi-
zation: RSEM) were retrieved using cBioportal at: https ://
cbiop ortal .org [20, 21]. The tumor types and the number 
of samples for each are: acute myeloid leukemia (LAML, 
n = 173), adrenocortical carcinoma (ACC, n = 78), blad-
der urothelial carcinoma (BLCA, n = 407), brain lower 
grade glioma (LGG, n = 514), breast invasive carcinoma 
(BRCA, n = 1082), cervical squamous cell carcinoma 
(CESC, n = 294), cholangiocarcinoma (CHOL, n = 36), 
colorectal adenocarcinoma (COAD, n = 592), diffuse large 
B-cell lymphoma (DLBC, n = 48), esophageal adenocarci-
noma (ESCA, n = 181), glioblastoma multiforme (GBM, 
n = 160), head and neck squamous cell carcinoma (HNSC, 
n = 515), kidney chromophobe (KICH, n = 65), kidney renal 
clear cell carcinoma (KIRC, n = 510), kidney renal papil-
lary cell carcinoma (KIRP, n = 283), liver hepatocellular 
carcinoma (LIHC, n = 366), lung adenocarcinoma (LUAD, 
n = 510), lung squamous cell carcinoma (LUSC, n = 484), 
mesothelioma(MESO, n = 87), ovarian serous cystadenocar-
cinoma (OV, n = 300), pancreatic adenocarcinoma (PAAD, 
n = 177), pheochromocytoma and paraganglioma (PCPG, 
n = 178), prostate adenocarcinoma (PRAD, n = 493), sar-
coma (SARC, n = 253), skin cutaneous melanoma (SKCM, 
n = 443), stomach adenocarcinoma (STAD, n = 412), testicu-
lar germ cell tumors (TGCT, n = 149), thymoma (THYM, 
n = 119), thyroid carcinoma (THCA, n = 498), uterine car-
cinosarcoma (UCS, n = 57), uterine corpus endometrial car-
cinoma (UCEC, n = 527), uveal melanoma (UVM, n = 80). 
The thromboembolic risk for different tumor types was 
based on the study by Blom et al. [22].

Gene ontology analysis

Gene Set Enrichment Analysis (GSEA) was performed using 
the Java GSEA desktop application. We followed the stand-
ard procedures (https ://www.gsea-msigd b.org/gsea/index 
.jsp). We used curated hallmark gene sets, downloaded from 
the GSEA website, to compute their overrepresentation in 
RNAseq tumor samples with high expression of F3 or PLAU 
(high vs low expression defined by the median). The analy-
ses were done using 1,000 permutations [23].

Tumor microenvironment analysis

The microenvironment cell population counter (MCP coun-
ter) method was used to quantify the relative abundance of 

eight types of immune and stromal cell populations based 
on the RNA seq data [24]. Panels of immune genes were 
recovered from the study by Thorsson et al. [17].

Statistics

Comparisons of two groups of numeric data were performed 
using the unpaired Wilcoxon–Mann–Whitney test. Where 
appropriate the false-discovery rate (FDR) correction (Bon-
ferroni) was applied to control for multiple testing. p < 0.05 
was set as the threshold for significance. Heatmaps were 
created using the R library gplots—the clustering method 
used was Ward.D2. The association of F3 and PLAU genes 
to overall survival (OS) and disease-free survival (DFS) was 
studied by calculating the hazard ratios (HR) and 95% con-
fidence intervals for each gene (Cox proportional hazards 
regression model). All statistical analyses were done with 
R version 3.4.2 (https ://www.r-proje ct.org). All correlation 
analyses were done using R, packages Hmisc, and corrplot, 
calculating Pearson correlation coefficients r.

Results

Transcriptional regulation of the coagulome 
in human tumors

Based on the literature, we selected six genes that have been 
reported to constitute the core coagulome in human tumors: 
F3, PLAT, PLAU, PLAUR , SERPINE1 and SERPINB2, 
encoding TF, tPA, uPA, uPAR, PAI-1, and PAI-2, respec-
tively. To examine their patterns of expression in human 
tumors, we retrieved RNA seq data for the corresponding 
genes. A pan-cancer comparison revealed great differences 
among the different types of primary tumors, with up to 
250-fold difference in the median expression between tumor 
types (Fig. 1A). When compared with other tumors, GBM 
were characterized by the highest F3 mRNA expression lev-
els with an average expression of 3841 RSEM compared 
to the overall pan-cancer average of 1516 RSEM (p < 2.2e-
16) (Fig. 1A). In order to address the existence of different 
patterns of expression of procoagulant/fibrinolytic proteins 
among tumors, we performed a pan-cancer analysis, after a 
normalization step for each gene (Z score), combined with 
hierarchical clustering by cancer type (Fig. 1B). Using this 
analysis, we noticed a dissociation between the expression 
of the procoagulant gene F3 and the pro-fibrinolytic genes 
PLAU, PLAUR  and SERPINE1 in some tumors (Fig. 1B). 
For example, GBM expressed the highest F3 mRNA lev-
els among the different tumor types, but relatively lower 
mRNA levels of PLAU (average 1156 RSEM, ranked 18/32 
among tumor types), PLAUR  (720 RSEM average, ranked 
19/32), and SERPINE1 (5714 RSEM average, ranked 9/32) 

https://cbioportal.org
https://cbioportal.org
https://www.gsea-msigdb.org/gsea/index.jsp
https://www.gsea-msigdb.org/gsea/index.jsp
https://www.r-project.org
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(Fig. 1B). Taking the complete tumor set as a whole, we 
noticed that the expression of the genes PLAU, PLAUR, and 
SERPINE1 clustered together (suppl. Figure 1). This analysis 
was confirmed by measuring the correlation coefficient r for 
their mutual expression: for the three genes PLAU, PLAUR, 
and SERPINE1, the correlation coefficients r were higher 
than 0.3 (Suppl. Figure 1). This initial analysis provided an 
overview of the tumor coagulome. We concluded that dif-
ferences exist among the human tumor types and individual 
tumors in their expression of the coagulome genes.

Correlation between the expression 
of the coagulation/fibrinolysis genes and the risk 
of VTE across tumor types

In order to link the pattern of gene expression shown in 
Fig. 1 with the risk of VTE, we used data published by Blom 

et al., reporting an analysis of a large Dutch cancer registry 
covering 66,329 cancer patients, that included a large num-
ber of tumor types (including some primary tumors with 
low incidence) [22]. We carried out a correlation analysis 
between the mRNA levels of each of our key coagulation/
fibrinolysis genes (based on RSEM data from TCGA) and 
the risk of VTE (measured as a cumulative incidence for 
1000 patients) from the study by Blom et al. [22] (Fig. 2). A 
positive correlation was found between F3 mRNA expres-
sion and VTE incidence (Pearson r = 0.53, p = 0.036), sug-
gesting the clinical relevance of the mRNA expression study 
based on TCGA. To address the possibility that the expres-
sion of the F3 and PLAU genes may have a prognostic value, 
a univariate Cox proportional hazards regression model was 
used to calculate the hazard ratios for overall survival (OS) 
and disease-free survival (DFS) across the different types 
of primary tumors (Supp. Figure 2). A hazard ratio > 1, 

Fig. 1  Coagulome gene expression in human tumors. A. Dot plots 
showing the tumor type ranking according to the mRNA expres-
sion levels of six essential components of the tumor coagulome 
(F3, PLAT, SERPINB2, PLAU, PLAUR and SERPINE1). Data were 
retrieved from TCGA, with n = 32 tumor types and a total number of 

n = 10,071 tumors. B. Heatmap comparison of F3, PLAU, PLAUR, 
PLAT, SERPINB2 and SERPINE1 pattern of expression across dif-
ferent tumor types. For each gene, the expression was normalised by 
tumor type (z score). Red indicates high expression (positive z score), 
blue indicates low expression (negative z score)
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representing a significantly reduced OS and an unfavorable 
outcome was observed for F3 in GBM (HR = 1.2, p = 0.036), 
PLAU in PAAD (1.3, p = 0.000023) and PLAU in HNSCC 
(HR = 1.2, p = 0.00032) (Suppl. Figure 2).

Gene set enrichment analysis (GSEA)

Gene Set Enrichment Analysis (GSEA) revealed that the F3 
gene expression profile was the most positively associated 
with the Hallmark term “TNFA signaling via NFKB” in 
PAAD with a normalized enrichment score (NES) of 2.06 
(p = 0.016 FDR) (Fig. 3A). The second most enriched gene 
set was “Hypoxia” (NES = 1.97, p = 0.023 FDR). In con-
trast, PLAU gene expression was most positively associated 
with the Hallmark term “Epithelial Mesenchymal Transi-
tion” (NES = 2.20, p = 0 FDR). The second most enriched 
term was “Apical junction” (NES = 2.14, p = 0.001 FDR) 
(Fig. 3B). Interestingly, these observations were confirmed 
in three additional cancer types: GBM, HNSC and PRAD 
(Fig. 3C), where F3 expression was positively associated 

with “TNFA signaling via NFKB”, ranking first for three 
of the four cancer types. In all four cancer types examined 
PLAU expression was positively associated with “Epithe-
lial Mesenchymal Transition”. Together, these analyses 
indicated that F3 and PLAU are associated with different 
biological processes within the tumor.

The coagulome is related to the cellular composition 
and the immune activity of the TME

To address the contribution of the heterogeneous cell com-
position of the tumors and relate it to the gene expression 
patterns detected previously, we used the algorithm MCP 
counter, which is based on the detection of cell type-spe-
cific mRNA [18, 19, 24]. We calculated a Pearson’s cor-
relation coefficient between each coagulome gene and the 
tumor infiltration of each cell type analyzed (T cells, CD8 
T cells, Cytotoxic T, Natural Killer cells, B cells, mono-
cytic cells, myeloid cells, neutrophils, endothelial cells and 
fibroblasts) for each cancer type (Suppl. Tables 1–3). A heat 

Fig. 2  A correlation between coagulome gene expression and the risk 
of VTE. The graphs show the correlation between the mRNA gene 
expression levels (RSEM) of F3, PLAU, PLAUR, SERPINE1, SER-
PINB2 and PLAT and the risk of VTE (based on data from Blom 

et  al. [22]). The risk of VTE was measured as a cumulative inci-
dence for 1000 patients. A positive correlation was found between 
F3 mRNA expression and the incidence of VTE (Pearson r = 0.53, 
p = 0.036)
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map was constructed with the corresponding Pearson coef-
ficients r (Fig. 4). Interestingly, this analysis revealed two 
predominant patterns, depending on the gene considered: 
for F3 and PLAT, the correlations between the mRNA lev-
els and the density of the cell populations were relatively 
stable and tumor type-dependent (Fig. 4). A different pat-
tern was noticed with the genes PLAU, PLAUR, and SER-
PINE1. The mRNA levels of the corresponding genes were 
positively correlated with tumor infiltration by cells of the 
monocytic lineage and fibroblasts, independently of the 
type of tumor considered (Fig. 4). For the monocytic line-
age in a pan-cancer analysis the average correlations were 
as follows: PLAU r = 0.25, PLAUR  r = 0.35, SERPINE1 
r = 0.19. These correlations were notably high for example 
for COAD (PLAU r = 0.42, PLAUR r = 0.40, SERPINE1 
r = 0.30) and BLCA (PLAU r = 0.36, PLAUR  r = 0.52, SER-
PINE1 r = 0.28). For fibroblasts in a pan-cancer analysis 
the average pan-cancer correlations were as follows: PLAU 
r = 0.35, PLAUR  r = 0.34, SERPINE1 r = 0.34. After observ-
ing this consistent positive correlation with the monocytic 
infiltrate, we decided to further examine the possibility of a 

link with the active status of the immune microenvironment. 
We carried out a correlation analysis of the expression of 
the key genes of the coagulome with the 66 immune regula-
tory genes reported by Thorsson et al. [17], classified into 
seven categories (co-stimulator, co-inhibitor, ligand, recep-
tor, cell adhesion, antigen presentation, and other) among 
various cancer types (Fig. 5). This analysis confirmed the 
existence of a positive correlation between the expression 
of immune genes and the fibrinolysis gene cluster PLAU, 
PLAUR  and SERPINE1. For PLAU, the strongest associa-
tion was observed for the genes PDCD1LG2 and CD276, 
encoding the checkpoints PD-L2 and B7-H3, for which we 
obtained an average Pearson r coefficient of 0.376 (p < 1.0e-
20) and 0.292 (p < 1.0e-20), respectively, in a pan-cancer 
analysis. Finally, we directly compared the expression lev-
els of these two immune checkpoints in ten of the most 
frequent primary human tumors. For each tumor type, we 
selected the tumors with high and low expression of PLAU 
(upper and lower quartile, respectively), and we compared 
the mRNA expression levels (RSEM) for the two check-
points, PD-L2 and B7-H3 (Fig. 6). PDCD1LG2 expression 

Fig. 3  Gene Ontology GSEA analysis for F3 and PLAU genes across 
human tumors. A. Ranking of the Hallmark gene sets that were 
enriched in high-F3 (top 50% in mRNA expression) and high-PLAU 
(top 50% in mRNA expression) PAAD. B. GSEA analysis revealed an 

enrichment of the “TNFA signaling via NFKB” gene set in high-F3 
PAAD, HNSC, GBM, and PRAD, and an enrichment of the “Epithe-
lial Mesenchymal Transition” gene set in high-PLAU PAAD, HNSC, 
GBM, PRAD
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levels were significantly increased in all tumor types. The 
fold expression of PDCD1LG2 in high PLAU-expressing 
tumors compared to low PLAU-expressing tumors was as 
follows: BRCA 2.1-fold increase (p < 2.2e-15, FDR), COAD 
6.7-fold increase (p < 2.2e-15, FDR), KIRC 2.1-fold increase 
(p = 4.61e-9, FDR), LIHC 6.1-fold increase (p < 2.2e-15, 
FDR), SKCM sevenfold increase (p < 2.2e-15, FDR), PRAD 
2.7-fold increase (p < 2.2e-15, FDR), GBM 2.5-fold increase 
(p = 0.004262, FDR), LUAD threefold increase (p < 2.2e-
15, FDR), HNSC 2.5-fold increase (p = 3.314e-13, FDR), 
and PAAD 2.6-fold increase (p = 1.367e-06, FDR). CD276 
expression levels were significantly increased in almost all 
tumor types, excluding PRAD (p = 0.7281), when comparing 
high PLAU-expressing tumors and low PLAU-expressing 
tumors (BRCA 1.6-fold increase (p < 2.2e-15, FDR), COAD 
1.6-fold increase (p < 2.2e-15, FDR), KIRC 1.7-fold increase 
(p < 2.2e-15, FDR), LIHC 1.6-fold increase (p = 5.4e-10, 

FDR), SKCM 1.2-fold increase (p = 0.038, FDR), GBM 
1.7-fold increase (p = 6.5e-07), LUAD 1.5-fold increase 
(p < 2.2e-15, FDR), HNSC 2.2-fold increase (p < 2.2e-15, 
FDR), and PAAD 2.1-fold increase (p = 2.98e-14, FDR)). 
We concluded that the PLAU, PLAUR  and SERPINE1 clus-
ter correlated with the presence of a “hot” tumor immune 
environment across tumor types.

Discussion

In the present study, we used TCGA, the only large data-
base with RNAseq data for most human tumor types, in 
order to establish the landscape of the cancer coagulome. 
We found great differences between primary human tumor 
types, and observed that pro-coagulant and pro-fibrinolytic 
genes are regulated separately: the pattern of expression of 

Fig. 4  The coagulome gene expression pattern correlates with 
immune cell infiltration. A Pearson correlation analysis between the 
expression of the indicated genes and the tumor infiltration with dif-
ferent cell types was performed. The infiltration was calculated for 
eight types of immune cells and two stromal cell types using the 

MCP counter algorithm. The corresponding heatmaps show the Pear-
son r for each of the six genes analyzed. Red corresponds to a posi-
tive correlation, blue to a negative correlation. For each of the genes a 
pan-cancer correlation was also performed
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Fig. 5  A correlation between the expression of the coagulome and 
genes encoding immune regulatory molecules. For each gene of the 
coagulome, we show the Pearson coefficient r with the expression 

levels of the genes involved in local immune regulation (n = 66), as 
previously identified by Thorsson et  al. [17]. These analyses were 
done by cancer type

Fig. 6  PDCD1LG2 and CD276 expression in the most frequent pri-
mary tumors, stratified according to PLAU expression. For each of 
the 10 most common primary tumors, we compared the mRNA levels 
of PDCD1LG2 and CD276 in tumors with high PLAU (top 25% in 

PLAU mRNA expression) vs low PLAU (bottom 25%). The expres-
sion levels are given as RSEM (RNA-Seq by Expectation–Maximi-
zation). **p < 0.01; ***p < 0.001, ns = not significant using the Wil-
coxon–Mann–Whitney test
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F3 did not match that of the fibrinolytic genes (PLAT or 
the cluster PLAU/PLAUR/SERPINE1). Each type of pri-
mary tumor is characterized by a specific balance between 
the pro-coagulant and fibrinolytic genes. In support of the 
clinical relevance of our findings, we found that the most 
thrombogenic tumors, such as GBM and PAAD, express 
high levels of F3 mRNA [1, 2]. A positive correlation 
was seen between F3 expression and the VTE risk. This 
correlation was; however, limited, with a Pearson’s coef-
ficient of r = 0.53, probably reflecting the contribution of 
multiple genes and the complex regulation of coagulation/
fibrinolysis in solid tumors. An optimal prediction of the 
risk of VTE based on tumor gene expression would likely 
necessitate machine learning and more refined mathemati-
cal modeling, but this was not the aim of the present study. 
Importantly however, we noted that some tumor types, such 
as HNSC, express both high levels of F3 and high levels of 
the fibrinolytic genes. In this respect, we provide support to 
the recently formulated hypothesis that a high fibrinolytic 
activity might counterbalance the pro-coagulant effect of TF 
and explain the paradoxical low risk of VTE in these tumors 
[25]. While our study might partially explain why differ-
ent primary tumor types have a different risk of developing 
VTE, it has a number of important limitations. The first is 
the lack of validation of our conclusions in an independ-
ent cohort, an obstacle that we could not address because 
of the lack of a study that would match TCGA in terms of 
primary tumor coverage. Another limitation resides in the 
recruitment of patients differing in the stages of cancer and 
the treatment received, variables that we could not address 
in the present study because of lack of precise clinical data. 
Compared to previous studies, including those published by 
Rak and colleagues [8, 9], our study nevertheless represents 
the first attempt to chart the landscape of the human tumor 
coagulome. Clearly, this analysis is open for further studies 
that may include novel actors of coagulation as their contri-
bution to VTE unfolds.

Interestingly, we found a correlation between the tumor 
coagulome and some of the characteristics of the TME. 
The expression of F3 correlated with the hallmark gene set 
“TNFα-signaling via NFκB” and there was also a weak, 
yet consistent positive correlation with tumor infiltra-
tion by neutrophils. These results are in agreement with 
previous studies showing that the TNFα has a direct pro-
coagulant effect in CAT [12, 13]. Upon exposure to TNFα, 
cancer cells increase their expression of TF and produce 
TF-bearing microparticles with potent local pro-coagulant 
effects [12, 13]. The presence of neutrophils that release 
their chromatin as NET (Neutrophils–Extracellular Traps) 
is also an inflammatory feature that has been reported in 
CAT [12, 13]. Our study therefore highlights the coor-
dinated interplay between local inflammation and coag-
ulation in the TME. Interestingly, the expression of the 

PLAU/PLAUR/SERPINE1 gene cluster was related to the 
hallmark gene set “Epithelial–Mesenchymal Transition”. 
This cluster was also consistently correlated with tumor 
infiltration with cells of the fibroblastic and monocytic 
lineages across different tumor types. These findings are in 
agreement with previous studies that reported that PAI-1, 
encoded by SERPINE1 is expressed by cancer cells under-
going EMT [26]. EMT is a process of phenotypic plasticity 
that has multiple roles in organ development, wound heal-
ing, tumor progression and response to therapeutics [27]. 
The existence of possible reciprocal regulation between 
EMT and the TME is a matter of discussion [27–29]. 
This withstanding, our findings support the notion that 
the procoagulant and fibrinolytic systems, besides their 
antagonistic action on VTE, may have subtly different and 
nonoverlapping effects on the TME.

Importantly, our study suggests that tumors with high 
expression of the PLAU/PLAUR/SERPINE1 gene cluster are 
characterized by a “hot” immune microenvironment. Our 
data are in complete agreement with the recent study by 
Kubaka et al. (2018), showing that PAI-1 plays an active role 
in the regulation of the recruitment and functional polariza-
tion of  CD163+ve Tumor-associated macrophages [30]. The 
recent introduction of immune checkpoint blockers (ICB) 
represents a major advancement for various types of tumors 
[31]. There is currently a great need for biomarkers that 
could anticipate their efficacy in individual patients. The 
observation that the expression of PLAU correlates with the 
mRNA levels of two important checkpoints of the immune 
response, PD-L2 and CD276/B7-H3 [32, 33], is interesting 
in this regard. We propose that the biomarkers of fibrinoly-
sis might be useful for the assessment of the presence of 
immune checkpoints or the active immune status of the 
TME, a possibility that has to the best of our knowledge 
not yet been addressed [34]. The tumor coagulome is also 
a direct target of several therapeutics that are approved for 
use in humans, and it is an actionable component of the 
TME [35]. We propose that the landscape of human tumor 
coagulome that we report in this study will be a valuable 
resource for future research exploring the contribution of 
vascular biology to the TME and to the outcome of cancer 
immunotherapy [36, 37].
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