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Abstract: Neoplastic processes are integrally related to disturbances in the mechanisms regulating
hemostatic processes. Brain tumors, including gliomas, are neoplasms associated with a signifi-
cantly increased risk of thromboembolic complications, affecting 20–30% of patients. As gliomas
proliferate, they cause damage to the brain tissue and vascular structures, which leads to the release
of procoagulant factors into the systemic circulation, and hence systemic activation of the blood
coagulation system. Hypercoagulability in cancer patients may be, at least in part, a result of the
inadequate activity of coagulation inhibitors. The aim of the study was to evaluate the expression of
the inhibitors of the coagulation and fibrinolysis systems (tissue factor pathway inhibitor, TFPI; tissue
factor pathway inhibitor-2 TFPI-2; protein C, PC; protein S, PS, thrombomodulin, TM; plasminogen
activators inhibitor, PAI-1) in gliomas of varying degrees of malignancy. Immunohistochemical
studies were performed on 40 gliomas, namely on 13 lower-grade (G2) gliomas (8 astrocytomas, 5
oligodendrogliomas) and 27 high-grade gliomas (G3–12 anaplastic astrocytomas, 4 anaplastic oligo-
dendrogliomas; G4–11 glioblastomas). A strong expression of TFPI-2, PS, TM, PAI-1 was observed in
lower-grade gliomas, while an intensive color immunohistochemical (IHC) reaction for the presence
of TFPI antigens was detected in higher-grade gliomas. The presence of PC antigens was found in all
gliomas. Prothrombin fragment 1+2 was observed in lower- and higher-grade gliomas reflecting local
activation of blood coagulation. Differences in the expression of coagulation/fibrinolysis inhibitors
in the tissues of gliomas with varying degrees of malignancy may be indicative of their altered role
in gliomas, going beyond that of their functions in the hemostatic system.

Keywords: blood coagulation/fibrinolysis inhibitors; hemostasis; F1+2; TFPI; TFPI-2; PC; PS; throm-
bomodulin; PAI-1; gliomas; glial tumors
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1. Introduction

Neoplastic processes are integrally related to disturbances in the mechanisms regu-
lating hemostatic processes and thromboembolism may be the earliest clinical symptom
of cancer. Brain tumors, including gliomas, are neoplasms associated with a significantly
increased risk of thromboembolic complications, affecting 20–30% of patients [1,2]. Nu-
merous studies have shown that glioma tissues are a rich source of tissue factor (TF) [3,4].
TF is the key procoagulant in malignancy [4–6]. The proliferation and invasion of gliomas,
causes damage to brain tissue and vascular structures and lead to the release of procoagu-
lant factors into the systemic circulation, and thereby systemic activation of the coagulation
system [7]. Furthermore, clinical management of brain tumors, in the form of surgery,
radiotherapy, and chemotherapy, results in damage to brain tissue and endothelial cells,
thus increasing the production and release of TF. Fibrin is thought to be deposited within
and around the foci of glioblastomas (GBM), suggesting that the TF present on tumor cells
may be enzymatically active [8].

Deficient activity of coagulation inhibitors may, at least partially, be responsible for hy-
percoagulability in cancer patients. Tissue factor pathway inhibitor (TFPI), which inhibits
the activity of both coagulation factor Xa and tissue factor/factor VIIa (TF/VIIa) complex,
is one of the most important inhibitors of blood coagulation [9]. Plasma concentrations
of TFPI have been shown to be increased in patients suffering from GBM or different
cancers (especially at the terminal stage of the disease) in comparison to healthy individ-
uals [10–12]. It is thus reasonable to suspect that high plasma TFPI concentration may
indicate a host compensatory mechanism resulting from a hypercoagulable state in cancer
patients. Indeed, it has been suggested that tumor-associated TFPI may play a role in the
reduction of hematogenous metastasis [13]. Anticancer treatment (surgery, radiotherapy,
or chemotherapy) commonly leads to the normalization of TFPI plasma levels [14,15].

Whilst similar in structure to its homologue TFPI, TFPI-2 displays a distinctly different
inhibitory spectrum from that of the former. Increasing degrees of tumor malignancy is
associated with the expression of TFPI-2, possibly suggesting a role for TFPI-2 in maintain-
ing the stability of the tumor environment and inhibiting the growth of neoplasms and the
formation of metastases. Correspondingly, TFPI-2 mRNA has been shown to be absent
in choriocarcinoma [16], fibrosarcoma [17], and pancreatic cancer [18] cell lines. TFPI-2
has also been demonstrated to stimulate apoptosis in GBM cancer cells [19] and to inhibit
angiogenesis in experimental models [20,21].

An important inhibitory system limiting the activation of coagulation is the protein
C system, which includes protein C (PC), protein S (PS), thrombomodulin (TM), and
endothelial cell protein C receptor (ECPCR). Active PC, together with the participation
of PS, has an anticoagulant effect by inactivating factors Va and VIIIa and increasing the
fibrinolytic activity of endothelial cells by inhibiting PAI-1 [22]. PC activation depends on
the formation of a complex of thrombin and TM. When attached to TM, activated protein
C (APC) is formed [23]. PC activation can also take place in the absence of TM, through
binding to ECPCR [22]. TM expression declines with advancing clinical stages of the
disease and tumor size, and with decreasing tumor cell differentiation [24]. It is of interest
that, as with TFPI-2, silencing of the TM gene promoter is implicated in the observed
downregulation of TM synthesis [24]. It has been documented that this protein regulates
cancer growth independently of its anticoagulant activity [25]. In turn, PS is produced
and released by the smooth muscle cells of blood vessels and has mitogenic activity in
relation to these cells [26,27]. This suggests that apart from anticoagulant activity (through
interaction with protein C), protein S may participate in the repair of blood vessels via
an autocrine mechanism. Similar to PC, PS exerts antiapoptotic activity toward hypoxic
neurons as well [28].

A known regulator of proteolysis is plasminogen activators inhibitor (PAI-1). PAI-1
expression in cancer tissue is related to poor clinical prognosis [29–32]. PAI-1 protein,
which is released in an active form by vascular endothelial cells (amongst others), binds
and inactivates urokinase plasminogen activator (u-PA) and tissue plasminogen activator
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(t-PA), which convert plasminogen to plasmin [33]. PAI-1 also exerts its activity through a
mechanism that is independent of u-PA/t-PA inhibition. It regulates tumor growth through
angiogenesis and is involved in the migration, invasion and adhesion of cancer cells [34–36].
In certain forms of cancer (breast and head and neck cancer) multi-drug resistance is
associated with high expression of PAI-1 [29,37]. Indeed, studies have indicated that large
amounts of PAI-1 are found in GBM, and this protein is related to tumor metastasis [38].

The main enzyme involved in blood coagulation is thrombin, which additionally
exhibits multiple relevant biological effects, including an increase in tumor cell adhesive-
ness and metastatic potential, and induction of tumor cell-induced platelet aggregation
(TCIPA) [39,40]. A byproduct in the reaction of thrombin formation is prothrombin frag-
ment F1+2 (F1+2), the presence of which has been shown to be an indicator of local
activation of blood coagulation (and thrombin generation) in various tumor types [40,41].
Prothrombin fragment 1+2 (F1+2) is considered to be useful for diagnosis of thrombo-
sis [42].

The aim of the present study was to evaluate the expression of inhibitors of the
coagulation and fibrinolytic systems in gliomas of various degrees of malignancy.

2. Materials and Methods

Glioma tissues and tissues from the margin of these tumors were obtained at the
surgical resection of 40 cancer patients. The material consisted of 13 lower-grade and 27
higher-grade malignant tumors.

Immunohistochemical (IHC) studies were performed on G2-grade gliomas (8 astro-
cytomas, 5 oligodendrogliomas) and high-grade gliomas (G3–12 anaplastic astrocytomas,
4 anaplastic oligodendrogliomas; G4–11 glioblastomas), as well as control fragments of
respective normal tissues, which were derived from the neoplasm-free surgical margins.

The study protocol was approved by the local Ethics Committee of the Medical
University in Bialystok, Poland (approval number R-I-002/256/2003). Informed consent
was obtained from the patients.

Antigens were detected with avidin-biotin complex technique (ABC) using reagents
(Vectastain Kits, Vector Laboratories, Burlingame, CA, USA), which have been described
previously [43]. Polyclonal antibodies against TFPI, TFPI-2, F1+2, PC, PS were produced
in rabbits and were kindly provided by Dr. Walter Kisiel (University of New Mexico,
Dept. of Pathology, School of Medicine, Albuquerque, NM, USA). The antibodies were
employed in our earlier studies [12,41,44,45]. In turn, monoclonal antibody to PAI-1 and
polyclonal goat antibody directed to human TM was purchased from American Diagnostica,
Greenwich, USA.

The results of staining of the glioma tissues were compared with matched normal tis-
sues, which were processed simultaneously. Antigens of the proteins tested were detected
as the brown reaction product of the avidin-biotin complex with the substrate. Visual
assessment of protein expression was performed in 10 random high-power fields by two
independent observers.

The intensity of IHC reactions was evaluated according to Hirsch et al. [46] with the
modification by Pirker et al. [47–49]. A score for each tissue core was generated using
a semi-quantitative approach according to the following algorithm: the percentage of
positive tumor cells per slide (0–100%) was multiplied by the dominant intensity pattern of
staining (0—negative for trace; 1—weak; 2—moderate; 3—intense). Hence the range for the
overall score was 0–300. Specimens with a score of 0–199 were classified as being negative,
while those with a score between 200–300 as positive. The IHC score was calculated based
on the following formula: 1x (percentage of cells staining weakly (1+)) +2 × (percentage
of cells staining moderately (2+) + 3 × (percentage of cells staining strongly (3+)) [47–49].
Examples of different intensities of IHC staining are depicted in Figure 1.
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score 270 = 10% cells staining negatively + 90% cells staining strongly. Original magnification ×400 (a,c), ×200 (b). 

The χ2 test was employed for statistical analysis. A p value of <0.05 was considered 

statistically significant. 

3. Results 

The results of the expression of coagulation/fibrinolysis inhibitors are presented in 

Figure 2 and Table 1. 

Table 1. Number of tumors exhibiting distinct intensity of IHC reactions towards blood coagulation/fibrinolysis inhibitors 

in gliomas of different malignancy. 

Coagulation 
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Localization 

Low-Grade Gliomas (n = 13) 

IHC Score 

High-Grade Gliomas (n = 27) 

IHC Score p Value 

<200 ≥200 <200 ≥200 

F1+2 

Cancer cells 9 4 2 25 <0.001 

Tumor stroma 

in the vicinity  

of blood vessels 

4 9 8 19 NS 

TFPI 
Cancer cells 9 4 7 20  <0.01 

Endothelial cells 1 12 1 26 NS 

TFPI-2 
Cancer cells 0 13 25 2 <0.001 

Endothelial cells 3 10 13 14 NS 

PAI-1 
Cancer cells 1 12 24 3 <0.001 

Endothelial cells 1 12 23 4 <0.001 

PC 
Cancer cells 5 8 0 27 <0.001 

Endothelial cells 5 8 0 27 <0.001 

PS 
Cancer cells 2 11 23 4 <0.001 

Endothelial cells 2 11 2 25 NS 

TM 
Cancer cells 1 12 8 19 NS 

Endothelial cells 4 9 26 1 <0.001 

NS—not significant. 

  

Figure 1. Distinct intensity of staining reflected by different IHC scores. (a) IHC score 0 = 100% cells staining negatively.
(b) IHC score 130 = 50% cells staining negatively + 20% cells staining moderately + 30% cells staining strongly. (c) IHC score
270 = 10% cells staining negatively + 90% cells staining strongly. Original magnification ×400 (a,c), ×200 (b).

The χ2 test was employed for statistical analysis. A p value of <0.05 was considered
statistically significant.

3. Results

The results of the expression of coagulation/fibrinolysis inhibitors are presented in
Figure 2 and Table 1.

Table 1. Number of tumors exhibiting distinct intensity of IHC reactions towards blood coagulation/fibrinolysis inhibitors
in gliomas of different malignancy.

Coagulation
Factors Localization

Low-Grade Gliomas (n = 13)
IHC Score

High-Grade Gliomas (n = 27)
IHC Score p Value

<200 ≥200 <200 ≥200

F1+2

Cancer cells 9 4 2 25 <0.001

Tumor stroma in the
vicinity of blood

vessels
4 9 8 19 NS

TFPI
Cancer cells 9 4 7 20 <0.01

Endothelial cells 1 12 1 26 NS

TFPI-2
Cancer cells 0 13 25 2 <0.001

Endothelial cells 3 10 13 14 NS

PAI-1
Cancer cells 1 12 24 3 <0.001

Endothelial cells 1 12 23 4 <0.001

PC
Cancer cells 5 8 0 27 <0.001

Endothelial cells 5 8 0 27 <0.001

PS
Cancer cells 2 11 23 4 <0.001

Endothelial cells 2 11 2 25 NS

TM
Cancer cells 1 12 8 19 NS

Endothelial cells 4 9 26 1 <0.001

NS—not significant.
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Figure 2. Expression of coagulation and fibrinolysis inhibitors in G2 and G3 astrocytomas (a) Positive IHC reaction for the 

presence of PC in cancer cells in G3 astrocytoma (×400) (b) Positive IHC staining for the presence of TM in neoplastic cells 

in G3 astrocytoma (×400) (c) Positive IHC reaction for the presence of PAI-1 in cancer cells in G3 astrocytoma (×200) (d) 

Positive IHC staining for the presence of TFPI-2 in neoplastic cells in G2 astrocytoma (×100) (e) Positive  IHC reaction for 

the presence of F1+2 in cancer cells in G3 astrocytoma (×200) (f) Positive IHC staining for the presence of TFPI in endothe-

lial cells in G2 astrocytoma (×200) (g) Positive IHC reaction for the presence of PS in endothelial cells in G2 astrocytoma 

(×100) (h) Negative control (×200). 

3.1. TFPI 

The extent of the expression of TFPI connected with tumor cells was proportional to 

the grade of malignancy, i.e., the strongest expression was characteristic of glioma cells of 

the highest-grade malignancy. In contrast, expression of TFPI antigens associated with 

Figure 2. Expression of coagulation and fibrinolysis inhibitors in G2 and G3 astrocytomas (a) Positive IHC reaction for the
presence of PC in cancer cells in G3 astrocytoma (×400) (b) Positive IHC staining for the presence of TM in neoplastic cells
in G3 astrocytoma (×400) (c) Positive IHC reaction for the presence of PAI-1 in cancer cells in G3 astrocytoma (×200) (d)
Positive IHC staining for the presence of TFPI-2 in neoplastic cells in G2 astrocytoma (×100) (e) Positive IHC reaction for the
presence of F1+2 in cancer cells in G3 astrocytoma (×200) (f) Positive IHC staining for the presence of TFPI in endothelial
cells in G2 astrocytoma (×200) (g) Positive IHC reaction for the presence of PS in endothelial cells in G2 astrocytoma (×100)
(h) Negative control (×200).

3.1. TFPI

The extent of the expression of TFPI connected with tumor cells was proportional to
the grade of malignancy, i.e., the strongest expression was characteristic of glioma cells of
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the highest-grade malignancy. In contrast, expression of TFPI antigens associated with vas-
cular endothelial cells was pronounced in glial cells of lower-grade malignancy (Figure 2f,
Table 1) and in areas of vascular hyperplasia in gliomas of higher-grade malignancy.

3.2. TFPI-2

A different pattern was identified in the case of the TFPI-2 antigen, which had the
strongest expression in low-grade gliomas. In these tumors, a strong positive association
was observed with neoplastic cells (Figure 2d, Table 1) and a weaker, though nonetheless
pronounced, positive reaction in the neuropil. A similar expression of TFPI-2 antigens was
observed in the tissues of G2 and G3 oligodendrogliomas. In addition, TFPI-2 antigens
were identified in the vascular walls of gliomas of various levels of malignancy. Expression
of the antigen was associated with endothelial cells and pericytes. A strong color reaction
was observed, above all, in areas of vascular hyperplasia.

3.3. PC

The presence of PC antigens was found in the cytoplasm of neoplastic cells of all
gliomas (Figure 2a, Table 1), and the intensity of the color reaction was proportional to the
degree of pleomorphism of the neoplastic cells. PC was also clearly expressed in association
with vascular endothelial cells in gliomas of higher-grade malignancy and there were traces
in the small blood vessels of lower-grade gliomas.

3.4. PS

PS antigens were found to be associated with tumor cells and in the walls of small
blood vessels of gliomas of lower-grade malignancy (Figure 2g, Table 1).

3.5. TM

The presence of TM antigens was found in neoplastic glioma cells of various degrees
of malignancy (Figure 2b, Table 1), though the strongest expression was seen in lower-grade
astrocytoma neoplastic cells and oligodendroglioma cells.

3.6. PAI-1

PAI-1 antigens were clearly present in neoplastic cells, in the endothelial cells of small
blood vessels and in the neuropil of gliomas of lower-grade malignancy and G2 and G3
oligodendrogliomas. In cancer cells in G3 astrocytomas, the reaction was less intense
(Figure 2c, Table 1).

3.7. F1+2

The presence of thrombin was assessed indirectly by attempting to identify antigens
of the F1+2 fragment of prothrombin. A clear positive reaction for F1+2 was observed in
astrocytomas of higher-grade malignancy in the cytoplasm of neoplastic cells (Figure 2e,
Table 1) and the vascular wall. A weaker reaction was seen in the neoplastic extensions of
stellate glial cells. This reaction, however, was significantly stronger than in the normal
tissue surrounding the tumor. In G3 oligodendrogliomas, the reaction was less intense,
it occurred only in some neoplastic cells, and it resembled that observed in low-grade
gliomas.

4. Discussion

There exists a complex relationship between cancer cells and components of the
hemostatic system. In fact, cancer patients demonstrate an increased tendency for hyper-
coagulation, which in itself is compounded by chemotherapy and surgical interventions.
Blood coagulation may be directly activated by cancer cells which are able to interact with
platelets and components of the blood coagulation system, generating thrombin, which
is highly instrumental in stimulating tumor growth and metastatic dissemination [50].
Activation of clotting may be seen as a special type of inflammatory response to a variety of
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stimuli, such as sustaining damage to a vessel wall, intravascular cell aggregation, or entry
of abnormal cells such as tumor cells into the blood. The balance between the coagulation
and fibrinolytic systems can readily change, through an excess of tissue factor (TF), to
a prothrombotic state in cancer, and lead to fibrin formation and deposition at the site
of the malignancy. Thromboembolic complications in cancer patients may result from
profiles of oncogenic driver mutations and their impact on the expression of coagulation-
related genes—coagulome [51,52]. A precarious balance between blood coagulation and
fibrinolysis is regulated by coagulation/fibrinolysis inhibitors [53].

In the present study, thrombin generation was assessed indirectly by looking for
antigens of the F1+2 fragment of prothrombin. The F1+2 fragment is a byproduct of the
conversion of prothrombin to thrombin and is an indicator of extravascular thrombin
generation in neoplasms [41]. The clear presence of the F1+2 antigen in the vascular wall,
neuropil, and higher-grade gliomas in connection with tumor cells suggests the formation
of thrombin in loco and may indicate that this process contributes to the progression of
gliomas. The results reported above do indeed suggest that clotting is activated in loco.
The presence of F1+2 in association with colon cancer cells and the endothelial cells of
blood vessels supplying the tumor indicates that thrombin is generated at the sites [54]. In
turn, the high plasma concentrations of F1+2 reflect a high risk for thrombosis [42,55].

An attempt was made to evaluate the expression of proteins involved in anticoagulant
mechanisms. The role of PC system factors in gliomas has not yet been established. In the
authors’ own research, variable expression of the factors of the PC system in gliomas was
found, depending on the degree of malignancy. The expression of PC antigens in higher-
grade gliomas and the expression of PS and TM antigens in lower-grade gliomas observed
in vascular endothelial cells and neoplastic cells may indicate impairment of endothelial
anticoagulant function in both higher and lower-grade gliomas. The established expression
of TM in normal brain tissue, both on the surface of astrocytes and in small blood vessels,
may indicate the activation of PC in a mechanism dependent on the formation of a complex
of thrombin with TM, and thus the role of TM in the regulation of cerebral microcirculation
hemostasis under physiological conditions [56].

TM expression diminishes with increasing clinical stage of the disease and tumor size,
as well as decreasing cancer cell differentiation [24]. In our study, stronger TM expression
was associated with lower-grade malignant glioma tissues. It is possible that TM expression,
along with an increase in tumor malignancy, can be compensated for by the presence of the
second receptor determining PC activation—EPCR [22]. Tsuneyoshi et al. [57] confirmed
the expression of EPCR in studies on human GBM cell lines, while no EPCR antigens were
found on cell lines of other brain tumors. In low-grade gliomas, PC can be activated with
TM, and in higher-grade gliomas with EPCR. It has been shown that activation of PC in an
EPCR-dependent mechanism leads to inhibition of TF expression on U937 leukemia cell
lines [58]. The results of experimental studies suggest that APC forms a complex with PAI-1,
which stimulates u-PA and results in the activation of extracellular matrix proteases, thereby
leading to a surge in the invasion of tumor cells [59]. Activation of EPCR plays a role in
APC-induced increased vascular endothelial cell proliferation and angiogenesis, which
are mediated by MAPK (mitogen-activated protein kinase), PI3K (phosphatidylinositol
3-kinase), and eNOS (endothelial nitric oxide synthase) pathways [59].

Additionally, the different location of PS in gliomas of different degrees of malignancy
may indicate the participation of this factor in the process of their growth. Studies in cell
lines have shown that primary brain tumor cells [60] and lung cancer cells [61] synthesize
and release active S protein. By contrast, in melanoma [62], prostate cancer [63], gastric
cancer [64], and pancreatic cancer [65], no or only subtle PS expression has been observed.
In addition, it has been shown that most lung cancer cells expressing PS simultaneously
express the Tyro-3 receptor [66]. Tyro-3 belongs to the protein receptors with tyrosine
kinase activity, and PS is the ligand of this receptor [67]. The coexistence of PS and its
receptor in lung cancer cells may support a hypothesis for the role of PS in the process of
tumor growth. Tyro-3 receptor expression has also been demonstrated in normal brain
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tissue [68]. Tumor-secreted protein S (ProS1) activates a Tyro3-Erk signaling axis and
protects cancer cells from apoptosis, and thus supports cancer cell survival [67]. The above
studies suggest that PS not only plays a role in the anticoagulation process in gliomas, but
is also involved in the tumor growth process, which may constitute the subject of another
promising area of research in the future.

In terms of these considerations, the role of the tissue factor-dependent blood coagula-
tion pathway TFPI and TFPI-2 inhibitors in the control of glial tumor growth and in the
coagulation process in loco is interesting. Along with the increase in the pleomorphism of
neoplastic cells and the degree of histopathological malignancy of the tumor, an increase in
TFPI expression and loss of TFPI-2 expression has been found, which indicates a different
role for both of the TF inhibitors in the biology of gliomas of varying degrees of malignancy.
Most cancers, including non-small cell lung cancer, renal, breast, and colon cancer, have not
been shown to express TFPI in association with tumor cells [69]. In contrast, TFPI mRNA
and protein have been observed in colon, breast, and pancreatic cancer cell lines [70].
Similarly, in vitro experiments, IHC, and in situ hybridization studies have revealed the
presence of TFPI antigen in cancer cells in most cases of colon cancer and in all cases of
breast cancer, which may suggest a role for TFPI in the biology of the neoplasms [12].
Moreover, the presence of TFPI has been found in malignant melanoma cells [71]. It has
been demonstrated that TFPI regulates the procoagulant function of TF in highly aggressive
melanoma and this activity is essential for the perfusion of vasculogenic mimicry channels
formed by TF-expressing melanoma cells [72]. In the present study, we report elevated
expression of TFPI in higher-grade gliomas. In earlier studies, we also observed high TF
expression in higher-grade gliomas [73]. This may suggest a modeling effect of TFPI on TF-
dependent signaling functions and thus on tumor growth and progression. In turn, the high
expression of TFPI in vascular endothelial cells of gliomas, depending on the degree of ma-
lignancy, may indicate the role of this protein in maintaining hemostasis. This is confirmed
in a study by Takeshima et al. [74], in which a significantly higher expression of TFPI in
tumors with intracranial bleeding was observed compared to tumors without intracranial
bleeding. Of interest is the fact that, in an experimental model, Amirkhoshravi et al. [75]
observed that administration of TFPI to mouse tissue in the form of IV injection, preceding
inoculation of the animals with tumor cells, resulted in reduced tumor cell-induced blood
coagulation activation as well as diminished blood-borne lung metastasis.

With regard to TFPI-2, our own results are consistent with the reports of other au-
thors who observed the loss of TFPI-2 expression in glioma tissues with increasing tumor
malignancy [76–78]. There are reports of TFPI-2 mRNA absence in cancer cell lines of
choriocarcinoma, fibrosarcoma, and pancreatic adenocarcinoma [79,80]. In some highly
aggressive cancers, deletion of the TFPI-2 gene locus on chromosome 7q results in the
complete lack of TFPI-2 protein expression. TFPI-2 positive GBM, as well as low-grade
glioma cell lines, demonstrated enhanced apoptosis, while in normal glial tissue and in
TFPI-2 negative glioma cell lines, apoptosis was absent [17,81]. Interestingly, proapoptotic
signaling pathways and apoptosis were observed in human glioma cell lines upon TFPI-2
restoration [19].

In our own study, different expression and localization of PAI-1 antigens in the tissues
of gliomas was demonstrated, along with simultaneous PAI-1 deficiency in more malignant
gliomas, which may indicate a lack of inhibition of fibrinolysis. This is consistent with our
earlier observations regarding the increased expression of D-dimers in cancer cells and
tumor stroma in the vicinity of blood vessels in gliomas [73]. Activation of fibrinolysis is a
response to increased extravascular coagulation. Studies determining the distribution of
PAI-1 in glioma tissues are not unequivocal. In a study of 24 human gliomas of various
degrees of malignancy, PAI-1 expression was associated with high-grade glioma neoplastic
cells, but no expression of PAI-1 was associated with vascular endothelial cells or with
lower-grade glioma neoplastic cells was found [82]. Other studies have shown a strong
expression of PAI-1 at the sites of vascular hyperplasia of higher-grade gliomas, indicating
the involvement of this protein in the angiogenesis process [82,83]. PAI-1 is overexpressed
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in glioma tissues and inhibits glioma cell proliferation, invasion, and metastasis through
the PAI-1/PI3K/AKT pathway [32]. Clinical observations show a correlation between
high levels of PAI-1 and cancer relapse and survival time in patients with gliomas [84].
It has been shown that in glioma tissues, PAI-1 expression increases with their level of
malignancy [32,85]. It has been suggested that targeting PAI-1 may constitute an important
strategy for the treatment of GBM [38].

The results of our own research suggest that local activation of coagulation takes
place in glioma tissues, and that inhibitors of the hemostatic system are not able to ensure
the appropriate but precarious balance between blood coagulation and fibrinolysis. The
different expression of coagulation/fibrinolysis inhibitors in the tissues of gliomas with
different degrees of malignancy may indicate their distinct role in gliomas, going beyond
their functions in the hemostatic system. In gliomas of higher-grade malignancy, there is a
multidirectional failure of the anticoagulant mechanisms expressed by dysregulation in
the PC system and PAI-1 deficiency. TF-dependent coagulation pathway inhibitors seem to
play a different role in the biology of gliomas. Namely, TFPI is involved in inhibiting the
pro-coagulatory activity of TF, but it does not balance the activity of TF, while TFPI-2 seems
to be a factor regulating the processes of tumor growth and progression. In summary, our
preliminary analysis of blood coagulation/fibrinolysis inhibitors in gliomas of different
malignancy may point to their role in the growth and progression of glial tumors.

The results of the study warrant further and more detailed research employing quanti-
tative methods, such as Western blotting or real-time PCR. Moreover, numerous hemostatic
system proteins are phosphorylated or exhibit other post-translational modifications, and it
would be advantageous for additional studies to capitalize on this, using Western blotting
or IHC with more specific antibodies (e.g., phosphospecific antibodies). Studies of this kind
could contribute to the development of novel therapies for gliomas, replacing conventional
anticoagulation in the treatment or prevention of venous thromboembolic events.
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