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Introduction

Venous thromboembolism (VTE) refers to both general 
terms for pulmonary thromboembolism (PTE) and 
deep venous thrombosis (DVT). VTE is a common 
cardiovascular disease and is mainly found in patients with 
hypercoagulative blood and elevated thrombin expression 
which may cause platelet adhesion and aggregation or 
deposition in the intima of blood vessels, resulting in 
impaired vascular functions. In addition, complicated 
interactions between endothelial cells, platelets and tissue 
cells have been found to be involved in the pathogenesis 
of VTE.

Research status of VTE

Due to high rates of misdiagnosis, morbidity and mortality, 
VTE has become one of the most important medical issues 
worldwide (1,2). In the United States, nearly 900,000 
new PTE patients are diagnosed each year and PTE has 
been the third leading cause of death (3,4), only second to 
malignant tumors and myocardial infarction.

The homeostasis in human body is maintained by 
complex mechanisms, such as the neuromodulation and 
humoral regulation. Any abnormality in certain parts of 
the body may lead to the presence of diseases. The studies 
of biological reactions that cause thrombosis are gradually 
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revealing the veil of VTE.
The classic Virchow triad has involvement of three 

main elements: stasis, hypercoagulability, and endothelial 
dysfunction. However, the three elements theory cannot 
explain the clinical confusion of VTE. Many studies have 
shown that aging, postoperative long term immobilization, 
trauma, tumor, virus infection and other risk factors can 
promote the occurrence of venous thrombosis (5,6). 
According to a recent hypothesis, by evaluating patients 
with VTE and studying the local predisposition and other 
risk factors for VTE formation, it is shown that VTE 
is caused by a combination of factors (7). The genetic 
factors related to the pathogenesis of VTE mainly include: 
antithrombin III (ATIII) factor deficiency, protein C and 
protein S deficiency, V Leiden mutation, prothrombin 
20210 gene mutation, congenital fibrinogen gene mutation 
and other factors (8).

Although the present theory on thrombosis cannot fully 
explain the pathogenesis of VTE, it provides a direction and 
research basis for us to study the pathogenesis of VTE.

Role of viral infection in VTE

Thrombosis is a multistep process that is influenced by 
a variety of genetic and environmental factors. We have 
known that viral infection related VTE is caused by the 
collapse of the balance function of systemic immune 
cells, which lacks the function of effectively clearing 
the malignant tumor cells or infected venous cells, and 
the venous cells infected with virus cause infectious 
inflammation in veins.

The inflammation causing thrombosis can be divided into 
infectious inflammation and non-infectious inflammation. 
Viral infection is the infectious inflammation, which has 
different effects on the formation of thrombi.

Preliminary progression has been achieved about the 
effect of viral infection on VTE. VTE has been reported 
in patients with influenza virus, human immunodeficiency 
virus (HIV), cytomegalovirus, herpes simplex virus and 
other viral infections (9-11). Liu et al. (12) found mice 
infected with different strains of H1N1 and H3N2 virus 
developed pathological changes in the lung and thrombosis 
in several lung tissues.

In a case-control study conducted between 2003 and 
2007 in French, investigators studied whether influenza 
vaccination reduced the risk of VTE, and their results 
showed that influenza vaccination was able to reduce the 

risk of cardiovascular events in patients with coronary heart 
disease, but its effect on the risk of VTE has not yet been 
explored (13). HIV is an RNA lentivirus that can cause 
the human immunodeficiency syndrome. In HIV infected 
patients, combination antiretroviral therapy was found to 
significantly improve the survival rate, but caused a variety of 
metabolic complications, including thromboembolism (9).  
The mechanism underly ing the cytomegalovirus 
induced coagulation has not been elucidated. Although 
these mechanisms are incomplete, we speculate that 
cytomegalovirus infection may be regarded as a risk factor 
for thrombosis according to our clinical experience (14). 
Liu et al. detected the viral load in lung tissues of mice after 
infection and examine the pathological changes in lung 
tissues. In this study, mice were infected with H1N1 and 
H3N2 viruses, and all the mice developed interstitial 
pneumonia of  di f ferent  degrees  as  demonstrated 
by pathological examinations. Thrombosis (mainly 
composed of fibrins and platelets) was noted in multiple 
small vessels of lung tissues in 13 H1N1 infected mice 
and 6 H3N2 infected mice. This suggested that H1N1 
and H3N2 influenza virus infection may cause thrombosis 
in the lung (12).

By comparing the characteristics of inflammatory 
responses in vivo caused by various viruses with the body 
functions of patients with VTE, it is not difficult to find 
that the viral infection has an impact on the formation of 
VTE, and the molecular mechanism of viral infection on 
VTE remains to be further studied. At the same time, VTE 
is not only influenced by the living environment, but also 
by the genotype. Thus, genes related to signaling pathways 
involved in the pathogenesis of VTE are also targets 
in future studies. The following section introduces the 
molecular mechanism underlying the VTE formation after 
virus infections.

Molecular mechanism underlying the viral infection 
related VTE

Studies have compared the genomics and cellular immune 
functions between clinical symptomatic VTE patients 
and healthy controls (15-18). Results showed that the 
mRNA expression of cytokines related to VTE reduced 
significantly in patients with VTE. In VTE patients, 
cytological examination showed the function of NK cells 
decreased significantly, the T cell antigen recognition and 
killing function were significantly compromised, genomics 
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and cytological examination consistently showed that the 
formation of symptomatic VTE was closely related to the 
immune dysfunction (19-21).

The development of biology and molecular cell 
biological technology has provided the possibility of 
studying the pathogenesis of thrombosis. In a study, 289 
patients were divided into the control group, infection 
group, VTE group and VTE + infection group. Results 
showed CD3+, CD4+ and CD8+ T lymphocytes significantly 
reduced in the infection group, and the CD4+/CD8+ 
ratio markedly increased (P<0.05). CD3+ and CD8+ T 
lymphocytes dramatically reduced in the VTE + infection 
group and VTE group, and the CD4+/CD8+ ratio markedly 
increased (P<0.05). In the infection group, VTE group 
and VTE + infection group, the proportion of CD3+ and 
CD8+ T lymphocytes decreased, and that of CD4+/CD8+ 
increased. These findings suggest that infected patients 
with VTE have immune dysfunction, while VTE patients 
often have concomitant infection. Moreover, the ability of 
T lymphocytes to directly kill virus decreased significantly, 
suggesting the inflammatory mechanism underlying the 
occurrence and development of VTE (19). In order to 
systematically compare the genomics and cellular immunity 
between clinical symptomatic VTE patients and controls, 
the immunological pathogenesis of VTE was discussed. 
Microarray assay has shown significant down-regulated 
mRNA expression of genes related to non-specific cellular 
immunity and cytokines. Abnormal expression of CD3+, 
CD4+, CD8+, NK marker CD16+ 56+, CD19+, CD4+/CD8+ 
ratio was detected in 54 of 56 patients. In patients with 
VTE, microarray assay revealed an imbalance in the mRNA 
expression of genes associated with the immune system. The 
mRNA expression of genes associated with non-specific 
immune cells and cytokines was significantly up-regulated, 
and that of genes related to cellular immunity markedly 
down-regulated. In VTE patients, cytological examination 
showed that the function of NK cells was significantly 
compromised, and the antigen recognition and killing 
activity of T cells decreased dramatically. The consistency 
between genomic and cytological examinations indicated 
that the pathogenesis of symptomatic VTE was closely 
related to infections and the immune dysfunction (19).  
A recent study shows the difference of gene expression 
after infection, and the gene expression associated signaling 
pathways was further investigated (22).

Current biological researches and the development of 
molecular cell biology technology have provided us with 

a lot of possibilities for studying the causes of thrombosis, 
such as enzyme linked immunosorbent assay (ELISA), 
magnetic resonance imaging (MRI) and differential gene 
expression analysis.

Because of the high catalytic efficiency of the enzyme in 
ELISA, the reaction effect can be greatly amplified, which 
makes the determination method reach a high sensitivity. 
Therefore, ELISA detection is widely used in cardiovascular 
diseases (23).

MRI scanning was performed in the aorta, risk factors 
were collected, and the carotid and femoral ultrasound was 
performed. The aortic elasticity was compared among 19 
patients with familial hypercholesterolemia (FH), 18 with 
type 2 diabetes mellitus (DM) and 30 controls. Results 
showed that the arterial elasticity was significantly different 
between FH patients and DM patients (24). This is an 
important method of direct case diagnosis in addition to 
pathological observation. 

Many studies have reported multiple viral infections in 
case of VTE. Mice infected with the virus were found to 
develop thrombosis in the small blood vessels of lung, and 
clinical and animal studies also reveal the increased risk for 
VTE following viral infection. This research found that 
the virus infection before the project team may affect the 
expression of genes related to immune system, leading to 
the thrombosis (25). 

JAK/STAT signaling pathway and VTE

Recently, we used H1N1 flu virus infected immunodeficiency 
mice model, combined with the second generation of the 
transcriptome sequencing and multiple ELISA technology, 
detected the changes of related signaling pathways, to 
study the effect of virus infection on the pathogenesis of 
VTE. Our results showed JAK/STAT signaling pathway 
was involved in the pathogenesis of VTE patients. These 
findings were further investigated in human umbilical 
vein endothelial cells in vitro. Results confirmed the 
close relationship between JAK/STAT signaling pathway 
and VTE, Protein‐protein interaction networks of the 
differentially expressed genes (DEGs) in VTE (Figure 1). 

The JAK/STAT signaling pathway can be activated by 
some cytokines, and involved in many important biological 
processes such as cell proliferation, differentiation, 
apoptosis, and immune regulation (26-28). 

JAK/STAT signaling pathway consists  of  three 
components, tyrosine kinase related receptors, tyrosine 
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kinase JAK and transcription factor STAT (Figure 2). 
To date, four members have been identified in the JAK 

protein family: JAK1, JAK2, JAK3 and Tyk2. They have 
7 JAK structurally homologous structure domains (JAK 
homology domain, JH), including JH1 structure domain for 
kinase domain area, JH2 structure as “false” kinase area, and 
JH6 and JH7 as the receptor area (29-32). 

In recent years, studies have been conducted to 
investigate the role of JAK/STAT signaling pathway in 
the pathogenesis of various diseases. There is evidence 
showing that the mutation of genes related to JAK/STAT 
signaling pathway and abnormal signaling transduction of 
JAK/STAT pathway are related to the pathogenesis of some 
diseases. The JAK3 and TYK2 genes are responsible for 
the survival of mice by regulating the immune system of 
immunodeficient mice (33,34). 

Prospect of the study on VTE

Our understanding of VTE has changed dramatically over 
the past few decades, from simple laboratory tests and early 
clinical observations of patients with rare genetic diseases 
to the introduction of genetic recombination techniques, 
genome-wide association study and second-generation 
sequencing technologies and concepts. Studies on the 
coagulation and anti-coagulation systems are of great 
importance to understand the pathophysiology of VTE. 
On the basis of findings from clinical studies, we are able to 
develop new treatments for VTE and new strategies for the 
prevention of VTE in high-risk subjects.

VTE is not only a cardiovascular disease, but also 
closely related to viral infections. The effect of viral 
infection on VTE is likely to be mediated by the immune 
system. Even though there are some immune-related 

Figure 1 Protein-protein interaction networks of the differentially expressed genes (DEGs) in VTE. VTE, venous thromboembolism.
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therapies suggested in VTE, they mainly focus on anti-
inflammatory interventions and remain controversial. 
The specific molecular mechanism underlying the viral 
infection related VTE remains unknown. Although some 
studies have investigated the signaling pathways related to 
the pathogenesis of VTE and our recent study showed that 
JAK/STAT pathway might play an important role in VTE, 
and more clinical and basic studies are needed to confirm 
these findings. Further researches should focus on the 
whole immune system in a cellular lever and find out how 
they operate systematically and interact with different types 
of cells in VTE.
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