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Abstract. Malignancy is one of the risk factors of venous
thromboembolism (VTE). As a common accompanying factor
of malignant tumors, almost 20% of idiopathic VTEs are iden-
tified in patients with occult types of cancer as the primary
symptom. The type of internal association that exists between
malignant tumors and VTE has not yet been determined. The
present review discusses the following: i) Reversible combina-
tions between core proteins of venous thrombi and their ligand
proteins. With the condition of immune cell balancing func-
tion collapse, which is characterized as dysfunction immune
cells and impaired immune functions, the human body loses
the function of eliminating infectious/malignant cells quickly
and effectively. Thus, integrins 32 and 3 on the membrane
of platelets and white blood cells are activated to combine
with fibrinogen ligands to form an intravenous mesh-like
structure, which acts as an intravenous biological filter that
prevents infectious/malignant cells from flowing back into
the circulatory system. During the defense process, blood
cells (mainly red blood cells) stagnate and fill the filter, which
results in venous thrombotic diseases. ii) Tumor cells, which
cannot be eliminated quickly, proliferate and invade; or isch-
emic necrosis destroys peripheral tissues and vessels (veins
and arteries), resulting in the formation of a biological filter
in injured veins. The filter is filled with stranded tumor cells,
which prevents the hemorrhagic metastasis of malignant cells.
The formation of an intravenous biological filter results from
the transition of the body's own defense capabilities, which is
also a physical/histopathological phenomenon. iii) An increase
in the number of core proteins in a venous thrombus is a basic
molecular step in the formation of intravenous biological
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filters, which is also defined as a marker of the newly initiated
defensive barrier. Increased levels of integrins 1, $2 and 3
are useful in not only the specific diagnosis of VTE, but also in
the early recognition of occult malignant tumors in idiopathic
VTE patients.
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1. Introduction

Venous thromboembolism (VTE) includes pulmonary throm-
boembolism (PE) and deep venous thrombosis. VTE that
can be diagnosed in clinics is known as dominant VTE. The
clinical spectrum of VTE is relatively wide, since VTE can
occur in different organs and tissues. However, dormant VTE,
which is hard to diagnose in clinics, is often revealed upon
autopsy. PE has become a global medical care problem due
to its high morbidity, misdiagnosis and mortality rates (1,2).
VTE can be divided into two categories: Genetic VTE and
acquired VTE. According to the results of epidemiological
investigations, the incidence of genetic VTE is relatively low,
with the majority of the VTEs being acquired VTEs (3). The
two types can be termed as symptomatic VTE when it is hard
to distinguish between them (3).

The American College of Chest Physicians published
9 editions of guidelines for VTE diagnosis, treatment and
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prevention (4) between 1995 and 2012. Proposed risk factors
include advanced age, infection, malignancy, autoimmune
disease, surgery, trauma, pregnancy, long-trip syndrome and
family history.

Malignancy is one of the risk factors of VTE. The preva-
lence of VTE in patients with malignancy is 4-7 times higher
than that of patients without malignancy (5,6). In addition,
the survival rate in patients with malignancies and thrombi
is 2-3 times lower than that of cancer patients without any
thrombus (7). Furthermore, 10-25% of patients with idiopathic
VTE as the first symptom are subsequently diagnosed with
cancer within 2 years, with the majority of the diagnoses
formed within 6 months, and the incidence of thrombosis
within 6 months of diagnosis being 4 times higher than that
of other periods (8). VTE is not only a common complication
of malignant tumors, but also the second leading cause of
mortality in cancer patients (9).

Certain issues with regard to VTE require addressing, such
as why patients with malignant tumors are often also affected
by VTE, why idiopathic VTE is always an early symptom of
occult cancer and the association between them.

Wang et al (10) reported that VTE is an inevitable product
in the proliferation phase of cancer cells, and acts as a physical
barrier by preventing cancer cells from hemorrhagic metas-
tasis. Therefore, there is necessarily a connection between
malignant tumors and the occurrence of VTE. To highlight
the association between malignant tumors and VTE, a novel
mechanism of VTE must be discussed.

2. Pathology of acute venous thrombosis

It has previously been reported (11) that the acute venous
thrombus taken from a pulmonary artery with a catheter pres-
ents as a red thrombus to the naked eye, which is characterized
as easily degraded. The red thrombus is comprised of red
blood cells, platelets, white blood cells and plasma proteins, as
shown by microscopy (Fig. 1).

3. Major proteins and core proteins of an acute venous
thrombus

Plasma proteins are important components that combine
with blood cells to form the material basis of thrombi. In a
previous study, mass spectrographic analyses demonstrated
that a large majority of the proteins identified were fibrinogen;
the remaining proteins included fibrin and cytoskeletal
proteins (12). Thrombi containing fibrinogen degrade easily
due to reversible combinations between fibrinogen and their
ligand proteins, which theoretically explains why an acute
venous thrombus is easy to autolyze, why delayed thrombolysis
is effective and why it is easy to lyse the thrombus through
interventional fragmentation (12).

An acute venous thrombus, also known as a red thrombus,
is composed of red blood cells, platelets, white blood cells and
fibrinogen. The manner in which fibrinogen binds to blood cells
during the formation of a venous thrombus is representative of
the mechanism of acute venous thrombosis. The use of tandem
mass spectrometry and the bioinformatic analysis of emboli in
patients with acute PE has revealed that integrin subunits pl,
2 and (3 are the core proteins of the emboli (Fig. 2).
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Figure 1. Hematoxylin and eosin staining of thrombus demonstrating that
a venous thrombus is a red thrombus in which massive red blood cells and
white blood cells with dark-brown nuclei aggregate (magnification, x200).

Integrins are important members of the cell adhesion
molecule family, mediating adhesion between cells, and
between cells and the extracellular matrix (ECM), with
involvement in bidirectional signaling transduction between
cells and the ECM. Integrins can combine to their different
ligands in various cellular processes, namely the physical or
pathological processes of angiogenesis, invasion, metastasis,
inflammation, wound healing and coagulation (13).

Integrin is a transmembrane heterodimer composed of
subunits o and f at a ratio of 1:1. To date (Fig. 3A), a total of
18 o subunits and 8 [ subunits have been identified, and these
can form 24 functional heterodimers, which may be classified
into 8 groups (B1-pf8) based on the B subunit. In the same
group, the [} subunit is identical, but the a subunit is distinct.
At rest, the o subunit is covered by the 5 subunit and thus the
integrin is unable to bind to ligands. Following activation, the
extension of the f subunit exposes the o subunit. The o subunit
mainly mediates the specific and reversible binding between
integrins and their ligands (Fig. 3B), and the § subunit domi-
nates the signal transduction and regulation of the affinity of
integrins (14-16).

4. Localization of core proteins in an acute venous throm-
bus at a cellular level

The B1 subunit exists mainly on lymphocytes and platelets,
and its ligands include laminin, collagen, thrombospondin,
fibronetin and vascular cell adhesion molecule-1. The 2
subunit is mainly distributed on neutrophils and monocytes,
and its ligands include fibrinogen, intracellular adhesion
molecule (ICAM), factorX and ic3b. The B3 subunit is mainly
observed on platelets, and its ligands include fibrinogen,
fibronetin, vitronectin, von Willebrand factor (VWF) and
thrombospondin (17-19).

Wang et al (11) collected thrombi through a catheter
attached to the pulmonary artery of patients with acute PE.
Immunohistochemistry revealed that dark-brown integrin {1
was expressed on the lymphocytes, but that no expression of
laminin, fibronectin, collagen-I or collagen-II was observed on
the lymphocytes. Dark-brown integrin 2 was expressed on
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Figure 2. Tandem mass spectrometry and bioinformatic analysis of emboli in patients with acute pulmonary embolism. Integrin subunits 31, 2 and (33 are

core proteins of the emboli.

Figure 3. (A) Mode pattern of the integrin on the cell membrane. Integrin
is a transmembrane heterodimer composed of subunits o and { at a ratio of
1:1. At rest, the o subunit is covered by the § subunit and thus the integrin
is unable to bind to ligands. (B) Following activation, the extension of the {3
subunit exposes the a subunit. The o subunit mainly mediates the specific
and reversible binding between integrins and their ligands.

the neutrophils, which bound to fibrinogen. ICAM, factor X
and iC3b were expressed on the neutrophils, and dark-brown
integrin 33 was expressed on the platelets, which aggregated
to become a thrombotic skeleton with a coral-like structure;
these platelets bound fibrinogen to create a mesh-like structure
(Fig. 4A), which is similar to artificial vena cava filters and
was termed an intravenous biological filter in the study. No
expression of fibronectin, vitronectin or vVWF was observed on
the platelets, and dark-brown factor Xa was distributed on the
mesh-like structure, which was composed of fibrin/fibrinogen.

Another study reported that the expression of subunits 31,
B2 and B3 increased significantly in patients with VTE (20).
ROC curve analysis was used to assess the diagnostic perfor-
mance of these proteins in 120 VTE patients. The area under
the curve (AUC) of integrins 31, 2 and 3 in the VTE patients
was 0.870, 0.821 and 0.731, respectively. Optimum cutoffs of
integrins 1, B2 and B3 calculated according to Youden's index
were 10.29, 91.10 and 10.35 pg/ml, respectively. With these
optimum cutoffs, the sensitivity, specificity, and positive and
negative predictive values were as follows: For integrin f31,
80.3, 83.7, 71.1 and 89.3%, respectively; for integrin (32, 78.6,
73.7,59.4 and 87.6%, respectively; and for integrin (33, 68.4,
71.2,54.3 and 81.8% respectively. The combined AUC of the
three integrins was 0.916, and the sensitivity, specificity, and
positive and negative predictive values were 84.6, 90.8, 81.7
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Figure 4. (A) Immunohistochemistry demonstrating that platelets, which aggregate to become a thrombotic skeleton, bind fibrinogen to construct a mesh-like
structure (anti-fibrinogen antibody; 1:100 dilution; magnification, x1,000), which is similar to artificial vena cava filters and known as an intravenous biological
filter. (B) (Left) Mode pattern of artificial nest-like inferior vena cava filter. (Inset) Mesh-like structure is a nest-like biological filter in veins under the
microscope (magnification, x400, Masson staining). (C) (Left) Mode pattern of artificial nest-like inferior vena cava filter filled with thrombi. (Inset) Nest-like
biological filters formed inside a venous thrombus under the microscope, in which red blood cells are the dominant blood cells found (magnification, x400,

Masson staining). Inset images reproduced with permission (11).

Figure 5. (A) In colon cancer, a mesh-like structure (anti-fibrinogen antibody; 1:100 dilution; magnification, x400) was observed in venules (right upper area of
this image), and cancer cells were observed in this mesh-like structure (anti-fibrinogen antibody; 1:100 dilution; magnification, x400). The mesh-like structure
was a nest-like biological filter. (B) Pathological findings of cancer tissues revealing cancer cells. An intravenous biological filter (right area of the image) was
filled with cancer cells (anti-fibrinogen antibody; 1:100 dilution; magnification, x400). Inset images reproduced with permission (11).

and 92.0%, respectively. A clinical study confirmed that the
VTE patients with significantly increased expression of integ-
rins B1, B2 and B3 also exhibited relatively high specificity and
sensitivity (20).

5. Establishing biological filters during acute venous
thrombosis

Different types of artificial nest-like inferior vena cava filters
have been used in clinics for 30 years, the mechanism of
which prevents the genesis of PE by blocking the deep venous
thrombi flowing back to the pulmonary arteries through the
filter (Fig. 4A). Two core proteins of thrombi, integrins 32 and
3, bind their ligand fibrinogen to construct a mesh-like struc-
ture, which becomes a nest-like biological filter in the veins
(Fig. 4B and C) (11).

As a precise and perfect life entity, the human body is
constantly regulating itself towards balance and stability. The
production of intravenous biological filters is a result of the
self-regulation of the human body.

Xiong et al (16) identified biological filters in the veins
of resected sigmoid colon adenocarcinoma tissues (Fig. 5A).
Malignant cancer cells were identified in biological filters,
which impeded the hematogenous metastasis of the cancer
cells (Fig. 5B).

Figure 6. Necrotic region in poorly-differentiated gastric carcinoma
presenting with exudation of a large number of red blood cells.

6. Inevitability of activation of an intravenous physical de-
fense line

The defense system of the human body is the immune system.
Simply speaking, it is the function of the immune system to
remove all foreign agents inside the human body, including
external pathogenic microorganisms,implants, invasive foreign
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bodies and toxins from wounds, and internally generated
senile and malignant cells (10).

The genesis of malignancy indicates the loss of innate and
adaptive immune cell balancing functions. In other words,
the occurrence of cancer means a collapse of the immune
cell balancing function, which means a loss of the function
of immune clearance of malignant cells. When the immune
cell balancing function collapses, it is a basic principle to
start using reserved immune functions. Thus, an alternative
defensive barrier is activated (10).

The proliferation speed of cancer cells usually exceeds
that of small vessels (veins and arteries), which could easily
cause ischemic necrosis, and thus increased permeability
of vessels and the destruction of small vessels. In addition,
the proliferation of malignant tumor cells and invasion of
surrounding small vessels can also cause the destruction
of small vessels (10). Wang et al (10) identified a biological
filter in the veins of resected sigmoid colon adenocarcinoma
tissue (Fig. 5A). Malignant cancer cells were revealed in the
biological filter, which impeded the hematogenous metastasis
of the cancer cells (Fig. 5B). It was found that (10) fibrinogen
formed a mesh-like structure in the peripheral small veins of a
resected sigmoid colon adenocarcinoma, which was filled with
cancer cells, thus preventing their translocation. When cells
escaped from the mesh-like structure, this presented as metas-
tasis of the tumor cells. The formation of a biological filter in
the surrounding veins of malignant tumor tissue is a replace-
ment or supplement to the loss of immune function to prevent
hematogenous metastasis. The occurrence of VTE in patients
with malignancy is the first stage of physical immune defense.
Patients with malignant tumors bleed easily. Wang et al (10)
also identified exudation of a large number of red blood cells
out of vessels (Fig. 6) and the accumulation of large amounts of
fibrinogen in necrotic regions of poorly-differentiated gastric
carcinoma, indicating destruction of small vessels and/or the
increased permeability of vessels.

According to a study on the biopsies of malignant tumor
patients, 50% of such individuals were affected by VTE
prior to mortality (21). From the genesis and development of
malignant tumor cells, and the morphological characteristics
of the proliferation stage, the present study speculated that
almost every patient with a malignant tumor has the possi-
bility of having VTE, and that almost every patient with a
malignant tumor has the possibility of having bleeding, due
to the processes of tumor cell proliferation, the destruction
of peripheral tissues and vessels, and the establishment of a
defensive barrier, which are physical/pathological phenomena
of the human body. However, VTE and bleeding of the periph-
eral tissues around cancer cells are hard to recognize at an
early stage.

7. Increased integrin {31, 2 and f33 levels in patients with
malignant tumors

Song et al (22) reported that the levels of the integrin {1,
B2 and B3 core proteins of thrombi increased in patients
with malignant tumor cells, among which, integrins 1
and B3 increased significantly. The relative risks of integ-
rins B1, B2 and B3 in malignant tumor patients were 1.655,
1.314 and 1.852 times that of a control group, respectively,
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while the combined risk of increased integrins p1, f2 and
B3 in the malignant tumor group was 4.895 times that of a
control group, indicating that integrins 1, 32 and 3 are the
molecular basis of the increased risk of VTE in patients with
cancer.

There are significant differences in the therapy, risk of
reoccurrence and survival period between cancerous and
non-cancerous VTEs. If patients with malignant tumors are
able to receive an early diagnosis due to early warning signals
from VTE occurrence, precious time may be saved for early
treatment, which could have a significant impact on the
VTE and tumors. Based on the aforementioned data, CG144
guidelines published by the National Institute for Health and
Clinical Excellence (NICE) in 2012 (https:/www.nice.org.
uk/guidance/cgl44) have begun to recommend that idiopathic
VTE patients >40 years old should be screened for tumors in
order to exclude occult tumors (23); this has been declared
to be a milestone in the treatment and prevention of VTE by
Shaboodien et al (21).

8. Conclusion

Clinical tests to detect core proteins of venous thrombi,
presenting as increased levels of integrins B1, B2 and (3, are
useful not only in the diagnosis of VTE, but also in the early
recognition of occult malignant tumors in idiopathic VTE
patients.
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