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Abstract 

Tissue factor (TF) is a protein that plays a critical role in blood clotting, but recent research has also shown its involve-
ment in cancer development and progression. Herein, we provide an overview of the structure of TF and its involve-
ment in signaling pathways that promote cancer cell proliferation and survival, such as the PI3K/AKT and MAPK path-
ways. TF overexpression is associated with increased tumor aggressiveness and poor prognosis in various cancers. The 
review also explores TF’s role in promoting cancer cell metastasis, angiogenesis, and venous thromboembolism (VTE). 
Of note, various TF-targeted therapies, including monoclonal antibodies, small molecule inhibitors, and immunother-
apies have been developed, and preclinical and clinical studies demonstrating the efficacy of these therapies in vari-
ous cancer types are now being evaluated. The potential for re-targeting TF toward cancer cells using TF-conjugated 
nanoparticles, which have shown promising results in preclinical studies is another intriguing approach in the path of 
cancer treatment. Although there are still many challenges, TF could possibly be a potential molecule to be used for 
further cancer therapy as some TF-targeted therapies like Seagen and Genmab’s tisotumab vedotin have gained FDA 
approval for treatment of cervical cancer. Overall, based on the overviewed studies, this review article provides an in-
depth overview of the crucial role that TF plays in cancer development and progression, and emphasizes the potential 
of TF-targeted and re-targeted therapies as potential approaches for the treatment of cancer.
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Introduction
Millions of people worldwide suffer from cancer, a dis-
ease with a variety of factors contributing to its develop-
ment and progression. Tissue factor (TF) is one of the 
factors that has emerged in recent years as being impor-
tant in cancer [1–3]. TF is a transmembrane glycoprotein 
known as thromboplastin that is present on the surface 
of many different types of cells [4–6], including cancer 
cells [2, 3, 7, 8]. TF plays a critical role in the coagulation 
cascade, the process by which blood clots form in order 
to stop bleeding [9–12]. A complex sequence of reactions 
occurs when TF comes into contact with blood and ulti-
mately leads to the formation of a clot [13]. In normal cir-
cumstances, this process is tightly regulated and occurs 
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only when necessary to prevent excessive bleeding [14]. 
However, TF can be dysregulated in cancer, leading to 
tumor growth and spread [15]. TF contributes to cancer 
by promoting angiogenesis, which is the process of form-
ing new blood vessels that carry nutrients and oxygen 
to tumors. A key factor in angiogenesis is the vascular 
endothelial growth factor (VEGF), which can be stimu-
lated by TF. In this way, the tumor is nourished and can 
grow and spread as a result of the formation of blood ves-
sels [16]. Cancer cells can also spread from the primary 
tumor to other parts of the body through metastasis, 
which is caused by TF. It stimulates the release of matrix 
metalloproteinases (MMPs), which dissolve the extra-
cellular matrix (ECM) that surrounds the cells [17]. It is 
possible for cancer cells to invade surrounding tissues 
and spread to distant parts of the tumor origin as a result 
of this. Furthermore, TF contributes to cancer by pro-
moting inflammation [18]. Signaling molecules such as 
cytokines are stimulated by TF, which regulate immune 
and inflammatory responses and several types of cancer 
are known to be affected by chronic inflammation [8, 19].

TF has been found to be up-regulated in a variety of 
different types of cancer, including breast, lung, colon, 
and pancreatic cancer [8]. These findings suggest that 
TF may be a promising target for cancer therapy [15]. 
TF is currently being targeted in cancer using differ-
ent approaches, including antibodies, inhibitors, and 
nanoparticles [20]. Additionally, re-targeting TF shows 
promise as a cancer therapy. Re-targeting TF works by 
redirecting its pro-coagulant effects toward tumor blood 
vessels while sparing normal tissues [21]. A method of 
achieving this is to conjugate TF-targeting agents to clot-
ting factor VIIa (FVIIa), which binds TF and initiates 
the coagulation cascade. When TF-FVIIa complexes are 
formed, they can activate coagulation selectively in the 
tumor microenvironment, inhibiting tumor growth and 
disrupting vessels [20]. Preclinical studies have tested 
several re-targeting strategies for TF-FVIIa, including 
antibodies, peptides, and nanoparticles. It has been dem-
onstrated that an antibody–drug conjugate (ADC) target-
ing TF-expressing tumor cells, called ICON-1, selectively 
kills TF-expressing tumor cells in  vitro and inhibits 
tumor growth in vivo [13, 22–26]. A second approach is 
to use TF-targeted nanoparticles to deliver anti-cancer 
drugs or imaging agents to TF-expressing tumors. Can-
cer therapy based on TF re-targeting has great potential, 
but more studies are needed to evaluate its safety and 
effectiveness in clinical trials. Other diseases, such as 
sepsis and thrombosis, where TF can be dysregulated, 
may benefit from TF re-targeting approaches [13, 22–26].

Recent studies suggest that TF is a useful surface tar-
get in 50–85% of patients with triple-negative breast 
cancer [27]. Another one suggests that TF isoforms and 

downstream signaling are promising novel therapeutic 
targets in malignant diseases [1]. Also, there is a strong 
relationship between TF and cancer and that many can-
cer cells express high levels of both full-length TF (flTF) 
and alternatively spliced TF (asTF) [16]. A key role of 
TF in cancer is that it promotes angiogenesis, metasta-
sis, and inflammation. By understanding how TF plays a 
role in cancer, new therapies can be developed that tar-
get this molecule and potentially improve outcomes for 
patients with cancer. The complex interactions between 
TF and cancer require much more research, but target-
ing this molecule might lead to new and effective cancer 
treatments. It’s worth noting that a variety of therapies 
have been created to target TF, such as monoclonal anti-
bodies, small molecule inhibitors, and immunotherapies. 
These treatments have been shown to be effective in vari-
ous types of cancer in both preclinical and clinical stud-
ies. Another interesting approach in cancer treatment is 
the use of TF-conjugated nanoparticles to re-target TF 
towards cancer cells, which has shown promising results 
in preclinical studies. Although there are still many chal-
lenges, TF may have potential as a molecule for further 
cancer therapy. Some TF-targeted therapies, such as 
Seagen and Genmab’s tisotumab vedotin, have already 
received FDA approval for cervical cancer treatment. 
Overall, this review article provides a thorough over-
view of the important role that TF plays in cancer devel-
opment and progression, and highlights the potential 
of TF-targeted and re-targeted therapies as promising 
approaches for cancer treatment.

TF structure
TF (also known as thromboplastin, coagulation factor III, 
F3 or (CD142) is a transmembrane glycoprotein recep-
tor for coagulation factors VIIa and X with a molecular 
weight of 47 kDa is located on the different cells. TF can 
initiate blood coagulation upon binding to FVIIa [4, 20, 
28–30]. TF is a highly conserved factor, so it is expressed 
in invertebrates such as horseshoe crabs to vertebrates 
such as humans [31]. There are six exons in the TF gene: 
Exons 2 to 5 encode the extracellular domain, which 
binds factors VII and X; exon 1 encodes the N-terminal 
signal sequence that is eliminated by proteolytic cleav-
age during the transport of TF (TF) to the plasma mem-
brane; The cytoplasmic and transmembrane domains 
are encoded by exon 6 [32]. Furthermore, the intracel-
lular region of TF contains two potential phosphoryla-
tion sites, which suggests that this protein participates 
in intracellular activities [33]. According to its primary 
sequence, TF has structural similarities with the cytokine 
receptor family II (most notably the IFN-Y receptor). 
The plasma coagulation protease cascades are started 
when the TF extracellular domain binds factor Vlla and 
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functions as its catalytic cofactor, generating thrombin 
and forming fibrin. The coagulation protease factor VIIa 
attached to the extracellular domain of TF with sub-
nanomolar affinity, activating the protease allosterically 
and effectively cleaving protein substrates, primarily fac-
tor X. This protein is considered to have biological activi-
ties beyond fibrin coagulation. It is implicated in a variety 
of cellular functions, including formation of the embry-
onic vessels [34], embryogenesis, inflammation, cellular 
signaling, cell migration and, tumor growth. Additionally, 
the expression of TF in malignancies promotes tumor 
angiogenesis and hematogenous metastasis [35, 36].

TF is found in three forms: alternative exon1A-tissue 
factor (TF-A), asTF and flTF. Human flTF is a glycopro-
tein with a total of 295 amino acids (Fig.  1). It is made 
up of an extracellular domain (residues 1–219), a trans-
membrane domain (residues 220–242), and an intra-
cellular C-terminal domain (residues 243–263) [37]. 
The transmembrane domain of asTF is absent, so it is 
only secreted. Although asTF is not particularly pro-
coagulant, it takes part in non-hemostatic functions. As 
opposed to flTF, asTF can bind integrins without the 
assistance of FVII [20]. The TF-A variant is a novel tran-
script of the TF gene that is generated through alterna-
tive splicing of the first intron. This process results in 
the inclusion of an additional sequence derived from an 
internal sequence of the first intron, referred to as exon 

IA, and is known as TF-A. Studies have shown that TF-A 
is preferentially expressed in tumor cells, and its expres-
sion level is higher in tumor cells than in normal cells. 
The upregulation of TF-A in tumor cells may be involved 
in tumor angiogenesis and metastasis. The high-level 
expression of the TF-A transcript in tumor cells may have 
diagnostic and staging utility for various solid tumors. 
However, further research is needed to fully understand 
the implications and mechanisms of TF-A upregulation 
in tumor cells (Fig. 1) [37].

As a result of vascular injury, TF binds to bloodborne 
FVII or FVIIa with great affinity, triggering the extrinsic 
pathway to initiate the coagulation cascade. It is com-
posed of a complicated series of proteolytic reactions 
and a regulatory feedback loop. After that, the zymo-
gen factor (FX) is attached to the binary catalytic com-
plex TF-VIIa, which cleaves to create FXa. FXa separates 
from the ternary complex and interacts with its cofac-
tor FVa to transform prothrombin into thrombin. Thus, 
fibrin is formed, platelets are activated, and blood clots 
are formed [38]. It is commonly assumed that TF is 
derived from an ancestral gene that also developed the 
cytokine receptor family. TF appears to be the oldest 
cytokine classII receptor family member. Some reports 
highlighted the high degree of similarity in TF structure 
with the superfamily of interferon receptors (IFNRs) [39]. 
The region of the TF that is structurally similar to class II 

Fig. 1 A schematic representation of the mRNA splicing products of F3 gene is shown. F3 gene, encodes six exons that form open reading frames; 
five introns are removed during mRNA processing. Three distinct mRNA products are produced, each of which contains coding sequences. By 
alternative splicing exon 5 is excluded, which results in the production of TF with a shorter length (238 aa) compared to flTF (295 aa). TF-A is a 
newly identified transcript of the TF gene that is produced by an alternative splicing mechanism involving the first intron. This process causes the 
incorporation of a sequence from the first intron known as exon IA into the transcript. Moreover, there is a mutation map of F3 gene, showcasing 
the mutation spots (Produced by www. cbiop ortal. org). TF: tissue factor; aa: amino acid; asTF; alternatively spliced TF; flTF: full-length TF; TF-A: 
alternative exon 1A-tissue factor; TM domain: Transmembrane domain

http://www.cbioportal.org
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cytokine receptors is known as the intracellular C-termi-
nal domain [20].

A difference between asTF and flTF is that flTF adheres 
to the cell membrane and is involved in signaling and 
tumor progression through the activation of Par2. Unlike 
flTF, asTF has little prothrombogenic activity, but is 
more associated with angiogenesis, survival, and tumor 
growth [2, 40]. The important point is that, unlike flTF, 
asTF controls angiogenesis through binding to integrin 
without connection with PAR [41]. Human tissue fac-
tor pathway inhibitor (TFPI), is a regulatory protein in 
hemostatic system which consists of three Kunitz type 
domains. These three domains are: N-terminal acidic 
region followed by the first Kunitz domain (K1), the first 
linker region which indicates the second Kunitz domain 
(K2), and the second linker region which indicates the 
third Kunitz domain (K3). Besides, TFPI has a C-termi-
nal region with basic essence. The K1 domain inhibits 
the complex of TF-VIIa and K2 domain inhibits factor 
Xa. Contrary to the K1 and K2 domains, K3 domain has 
no direct protease inhibiting functions [42]. Noteworthy 
that its first domain binds to active factor 7 (VIIa), and its 
second domain binds to active factor 10, thereby inhibit-
ing TF (VIIa) and active factor 10 (Xa) [43].

TF signaling is influenced by phosphorylation and two 
phosphorylation sites (Ser253 and Ser258, respectively) 
have been discovered in the C-terminus of TF [20]. A 
variety of cellular functions, such as gene transcription, 
protein translation, apoptosis, and cytoskeletal rear-
rangement, are regulated by TF-dependent signaling, 
which works together to enable the cell to adapt to its 
extracellular environment appropriately [38]. The under-
lying molecular pathways by which cancerous cells com-
municate with the bloodstream to develop cancer have 
been identified [44]. Cancer patients usually have an 
active hemostatic system. A natural physiological func-
tion is taken advantage of by cancer cells to promote 
tumor dissemination. Malignancy progression, cancer-
related thrombosis, and metastasis are all attributed to 
TFs’ role in coagulation activation. Nevertheless, it is still 
unclear how to direct TF signaling pathways affect cancer 
[28, 45]. Additionally, it has been revealed that the degree 
of TF expression in different tumor types correlates with 
their aptitude for metastasis [28]. Up-regulated TF levels 
are typically observed in a variety of malignancies and 
also in metastatic cells through integrated oncogenic 
activity and tumor suppressor inactivation [46]. The TF 
directs the assembly of VIIa with substrate X to form a 
ternary complex, which produces product Xa during the 
coagulation initiation phase. FVIIa and FXa, together, 
intensely stimulate tumor cell migration by involv-
ing Protease-activated receptors (PAR) [29]. Besides 

initiating blood coagulation, TF is demonstrated to have 
an essential function in various physiological procedures 
such as tissue repairing, inflammation, angiogenesis, 
tumor metastasis, and embryogenesis [28, 29]. A crucial 
component of these nonhemostatic actions is direct or 
indirect cell signaling via TF-FVIIa or downstream coag-
ulation proteases [38]. The metastasis process requires a 
proteolytically active TF-FVIIa complex [47].

The presence of mutations in the F3 gene (Table  1) 
suggests the possibility of dysregulation of TF, leading 
to disrupted signaling pathways and cellular responses 
[48, 49]. This dysregulation may potentially be asso-
ciated with altered TF expression and activity, may 
contribute to increased angiogenesis, metastasis, and 
therapy resistance in certain cancers like pancreatic, 
breast, and lung cancer. These mutations might have 
the potential to disrupt TF’s interactions with coagu-
lation factors and signaling molecules, causing imbal-
ances in pro-coagulant and pro-inflammatory processes 
within the tumor microenvironment. Investigating TF 
mutations in cancer biology holds promise for devel-
oping targeted therapies to disrupt TF-mediated path-
ways, potentially benefiting patient outcomes.

TF cytoplasmic domain
The TF cytoplasmic domain (TF-CT) plays an impor-
tant role in non-coagulant signaling. In contrast to the 
cytokine receptor superfamily, TF lacks adapter motifs 
that bind to Janus kinase-signal transducer and activa-
tor of transcription effectors (JAK/STAT) [20, 50]. The 
role of the cytoplasmic domain of TF is accompanied 
by conflicting results. On the one hand, some stud-
ies reported TF-CT is involved in metastasis and sug-
gest tumor metastasis is relevant to the formation of 
an active TF-FVIIa complex and also palmitoylation-
induced phosphorylation of the TF-CT. On the other 
hand, some studies have concluded TF-CT is not 
required in TF-FVIIa intracellular signaling [28, 47, 51].

The asTF is a potent pro-angiogenic molecule that 
binds to both integrins α6β1 and αVβ3 non-proteolyt-
ically, increasing FAK, PI3K/AKT, and MAPK signaling 
[20]. Moreover, PAR2 activation by TF-VIIa stimulates 
cell migration via mechanisms involving TF-CT phos-
phorylation [44]. The association between TF, integrins 
and PAR-2 appears to be complicated and regulated 
by the TF-CT [51]. Because PAR-2 signaling activates 
TF-CT phosphorylation, a regulatory circuit between 
TF-FVIIa-mediated PAR-2 signaling and the TF-CT is 
proposed. In fact, TF’s tail phosphorylation regulates 
PAR-2 function in a reciprocal manner. However, the 
results of the TF’s tail loss vary among different tumors 
[38].



Page 5 of 39Ahmadi et al. Biomarker Research           (2023) 11:60  

The role of TF in signaling pathways
The role of TF in TF‑VIIa‑induced signaling pathways
It is TF that promotes the active formation of both the 
active protease FVIIa and the active zymogen FVII. In 
the absence of TF, VIIa shows little activity, due to spe-
cific sequence properties that keep VIIa in a zymogen-
like state. The catalytic function of VIIa in vivo depends 
entirely on the presence of the TF-FVIIa complex 

because VIIa only develops full catalytic activity in the 
presence of the TF-FVIIa complex [52]. The interactions 
of TFs with its ligand Numerous physiological func-
tions are influenced by FVIIa signaling pathways. Stud-
ies have shown that FVIIa’s binding to TF affects a wide 
range of other important biological processes, includ-
ing angiogenesis, embryonic vascularization, and tumor 
metastasis [47]. It was reported that TF-FVIIa-induced 

Table 1 TF mutation status in cancers from the Cbioportal database (www. cbiop ortal. org)

Its (*) part of mutation’s name. The asterisk (*) is often used to denote a specific type of mutation called a stop codon mutation or a nonsense mutation. A stop codon 
is a specific sequence of DNA that signals the end of a protein-coding region. When a mutation occurs at this stop codon, it can result in a premature termination of 
protein synthesis

Cancer type Protein change Mutation Mutation type COSMIC sample ID

Head and Neck Squamous Cell Carcinoma F3-C11ORF80 - Fusion TCGA-D6-6517–01

F3-C11ORF80 - Fusion TCGA-F7-A620-01

I70V 1:g.95005817 T > C Missense TCGA-UF-A71A-01

X251_splice 1:g.94997876C > T Splice_Site TCGA-CR-7399–01

Serous Ovarian Cancer P238R 1:g.94997915G > C Missense TCGA-23–2649-01

K233N 1:g.94997929C > A Missense TCGA-04–1648-01

Glioblastoma Multiforme X71_splice 1:g.95001720G > A Splice_Region TCGA-12–0775-01

D93N 1:g.95001656C > T Missense TCGA-19–5956-01

Lung Squamous Cell Carcinoma S174R 1:g.94998715G > C Missense TCGA-85–6560-01

Y189C 1:g.94998671 T > C Missense TCGA-56–8504-01

Bladder Urothelial Carcinoma L274V 1:g.94996084G > C Missense TCGA-XF-A8HE-01

Uterine Endometrioid Carcinoma G141R 1:g.94998816C > T Missense TCGA-AX-A2HD-01

C81F 1:g.95001691C > A Missense TCGA-AP-A0LM-01

K181N 1:g.94998694C > A Missense TCGA-D1-A17Q-01

E127D 1:g.95001552C > A Missense TCGA-D1-A17Q-01

Q222H 1:g.94997962 T > G Missense TCGA-BS-A0UV-01

L44* 1:g.95005894A > C Nonsense TCGA-AX-A05Z-01

T87Rfs*3 1:g.95001672_95001673del Frame_Shift_Del TCGA-AX-A3FS-01

N170T 1:g.94998728 T > G Missense TCGA-B5-A3FC-01

A112T 1:g.95001599C > T Missense TCGA-B5-A3FC-01

E215* 1:g.94997985C > A Nonsense TCGA-E6-A1LX-01

X251_splice 1:g.94996151 T > C Splice_Region TCGA-EO-A22R-01

Lung Adenocarcinoma L55* 1:g.95005860_95005861del Frame_Shift_Del TCGA-05–4396-01

N114Y 1:g.95001593 T > A Missense TCGA-97-A4LX-01

Cutaneous Melanoma N231T 1:g.94997936 T > G Missense TCGA-EB-A24D-01

E2K 1:g.95007189C > T Missense TCGA-GN-A26C-01

V260I 1:g.94996126C > T Missense TCGA-D9-A6EA-06

E94G 1:g.95001652 T > C Missense TCGA-D9-A6EC-06

R168K 1:g.94998734C > T Missense TCGA-D3-A8GM-06

S129F 1:g.95001547G > A Missense TCGA-FR-A8YE-06

Diffuse Type Stomach Adenocarcinoma F179Lfs*5 1:g.94998700del Frame_Shift_Del TCGA-CG-4465–01

Tubular Stomach Adenocarcinoma A200T 1:g.94998030C > T Missense TCGA-HU-A4GQ-01

L175I 1:g.94998714G > T Missense TCGA-ZQ-A9CR-01

Colon Adenocarcinoma S174N 1:g.94998716C > T Missense TCGA-AA-3858–01

Y135C 1:g.95001529 T > C Missense TCGA-5 M-AAT6-01

Rectal Adenocarcinoma N43D 1:g.95005898 T > C Missense TCGA-AG-A002-01

D177Y 1:g.94998708C > A Missense TCGA-EI-6513–01

http://www.cbioportal.org
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signaling in so many different cell types has the ability 
to alter the expression of genes that are responsible for 
encoding transcription factors and growth factors [53]. 
The TF- FVIIa signaling may play a role in cell survival, 
which is crucial for tumor growth and metastasis [38]. 
It has been demonstrated that the existence of TF-FVIIa 
complex causes cellular signaling events such as calcium 
fluxes, p44/42 mitogen-activated protein kinase (MAPK) 
phosphorylation, p38 MAPK phosphorylation, pro-
tein kinase B phosphorylation, up-regulation of several 
genes namely, early growth response gene-1, Cyr61, and 
connective tissue growth factor gene [29]. Formation of 
the TF-FVIIa complex alters the cellular physiology of 
the TF-expressing cell, notwithstanding the molecular 
mechanism not identified certainly [39]. For signal trans-
duction, the TF-FVIIa complex is required to be proteo-
lytically active [47]. Similar to the start of coagulation, a 
GPI-anchored TFPI controls the ternary complex’s sign-
aling activity. Caspase -3, one of the major caspases that 
initiate apoptosis and DNA degradation, was inhibited in 
the downstream pathways of the TF-FVIIa signaling [38]. 
Understanding how the TF-FVIIa signaling stimulates 
tumor progression can have useful therapeutic implica-
tions [47]. TF-FVIIa induces MAPK signaling via PAR2, 
as well as Src family kinase activation and activation of 
other pathways such as, PI3K, Janus kinase (JAK/STAT) 
[20]. A Recent study have identified an innovative proteo-
lytic pathway through which TF-FVIIa modulates cellular 
interactions and tissue organization following coagula-
tion stimulation. Notably, Eph receptors have been iden-
tified as novel targets for the proteolytic activity of TF/
FVIIa. This proteolytic activity results in the cleavage of 
the Eph RTK (Receptor Tyrosine Kinase) family of recep-
tors by TF-FVIIa [54].

The role of TF in PARs dependent signaling pathways
TF also promotes cancer progression by activating sign-
aling effects through a set of G-protein coupled recep-
tors. TF signaling through Protease-activated receptors( 
PARs) plays a crucial role in the progression of multiple 
cancers [46]. The activation of PARs is the major signaling 
mechanism of the TF-FVIIa complex [51]. And a key role 
as an FVIIa docking site in order to the PARactivation is 
considered for TF in the cellular signaling process [29]. 
The binary TF-FVIIa complex activates PAR2 only at rel-
atively high concentrations of VIIa, but at subnanomolar 
concentrations of VIIa, signaling of the TF-VIIa-X com-
plex occurs [44]. PARs are members of G protein-coupled 
receptors (GPCRs), which are a large family of proteins 
with seven transmembrane domains [52]. Proteases of 
the coagulation cascade have the main role in activating 
PARs. The ternary complex (TF-FVIIa-FXa) formation 
is able to activate both PAR1 and 2 efficiently [52]. Both 

PAR1 and PAR2 signaling are strongly associated and 
can potentially activate each other. Trypsin-like serine 
proteases that recognize and cleave a particular arginyl 
peptide are the primary mechanisms by which the PARs 
are activated [29]. PARs are triggered by N-terminal pro-
teolytic cleavage in contrast to classical receptors. When 
particular N-terminal peptides are removed, the result-
ant N-termini operates as tethered activation ligands, 
interacting with the extracellular loop 2 domain and 
beginning the receptor signaling [55]. PARs are members 
of a wide family of GPCRs that activate numerous signal-
ing pathways after interacting with heterodimeric G pro-
teins. These findings indicate that TF-PAR2 signaling in 
tumor cells is essential for tumor growth and that anti-
TF approaches can be used in cancer therapy with only 
minor disruption of TF-dependent hemostatic pathways 
[45]. A variety of angiogenic regulators, chemokines, and 
anti-apoptotic genes that are associated with a wound-
healing program are induced by PAR2 signaling [45]. The 
TF-FVIIa binary complex on tumor cells induces PAR2 
activation, which in turn modifies the tumor microenvi-
ronment by causing a broad range of pro-angiogenic and 
immune-modulating cytokines, chemokines, and growth 
factors. It is still unclear how TFs and PARs (1 and 2) 
affect cell proliferation [56]. TF can organize the regula-
tion of migration and cell adhesion in PAR2-dependent 
or independent ways [46].

The role of TF in integrin signaling pathways
Integrins regulate many of TF’s non-coagulant conse-
quences. Numerous biological processes, such as migra-
tion, proliferation, and survival, are mediated by integrin. 
These transmembrane heterodimers serve as adhesion 
molecules for interactions between cells and with the 
extracellular matrix (ECM) [20]. Both signal-inducing 
and migration process is related to integrins [46]. The 
interaction of TF with integrins is constitutive in tumor 
cells and essential for TF-FVIIa-PAR2 signaling [56]. 
Point mutations in Lys-Gly-Glu (KGE) integrin-binding 
motif, which is located at the FVIIa protease domain lead 
to a decrease of TF-FVIIa association with integrins [57, 
58]. Integrins facilitate TF-dependent PAR2 activation 
and signaling. Independent of PAR-2, direct TF binding 
to integrins also affects procedures like cell migration and 
signaling. Evidence has shown TF-dependent integrin 
signaling is involved in angiogenesis, and also TF –PAR2 
signaling causes to produce of VEGF and pro-angiogenic 
molecules, including IL8, CXCL-1 [57].

Unlike flTF, asTF showcases a potent link with tumor 
size and grade and also triggers tumor growth and metas-
tasis during both early and later stages of cancer by inter-
acting with β1 integrins. asTF enhances the growth and 
expansion of tumors in a model of luminal breast cancer 
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[59, 60]. HUTS-21 is an antibody that is specific for the 
β1 integrin subunit (membrane-proximal β-tail domain 
(βTD)), including residues 579–799 or a peptide simulat-
ing βTD. Reduced proliferation that is asTF-dependent 
but not flTF-dependent demonstrates the unique interac-
tion of asTF with this β1 integrin region [60].

The role of TF in MAPK, JAK, Src, PI3K, and Rac signaling 
pathways
The TF/FVIIa complex activates the three main MAP 
kinase family members, p42/p44 MAP kinase, p38 MAP 
kinase, and c-Jun N-terminal kinase (JNK), and causes 
calcium transients in different cell types [38]. P38MAP 
kinase and c-Jun N-terminal kinase are the members 
of the MAP kinase family and are critically dependent 
on the proteolytic activity of FVIIa for activation. Some 
studies have hypothesized that p38MAPkinase signaling 
induced by the TF-FVIIa is essential for the expression of 

MMP7, but the definite physiologic function of P38 MAP 
kinase is still doubted. Activation of MAPK phosphoryla-
tion is a crucial component in inducing cell migration 
[47, 50, 61].

Numerous intracellular signaling events involved in 
apoptosis are induced by the interaction of the TF and 
FVIIa, including activation of the PI3K/Akt and JAK/
STAT5 pathways.because of considerable similarity with 
cytokine receptor class II family, like the members of this 
family, TF can activate STAT5 through JAK [51].

Important aspects of the TF’s action in pathophysiology 
may be mediated by the association between TF signal 
transduction and the small GTPases of the Rho fam-
ily. This family plays a significant role in controlling cell 
migration and motility. The interaction of TF and FVIIa 
activates a signaling pathway that includes the activation 
of Src-like family members. Consequently, leads to stim-
ulating c-Akt/protein kinase B, which is a well-known 

Fig. 2 A Integrins: The binding of TF-FVIIa to integrin leads turning to a high-affinity condition for these molecules. This complex formation 
is independent of TF-FVIIa potency for cleaving PAR. B Ephs: TF-FVIIa binary complex can cleave both Eph B 2/ A 2 proteolytically; then, signal 
transduction is induced by ephrins. C JAK-STAT Proteolytic activity of FVIIa causes initiating of apoptosis-related signaling events such as activation 
of PI3K, Akt, by STAT5 phosphorylation. D 1-Function of the MAP Kinase and PI3K-PKB pathways due to the TF-FVIIa interaction through activating 
specific transcription factors in the nucleus leads to the gene expression and translation of the synthesized m RNA. D 2-The signaling pathway is 
activated by a binary complex that consists SRC-like family, PI3K, PKB, and Rac stimulation conducts cytoskeletal rearrangement
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downstream target of PI3K, as well as small GTPases Rac 
and Cdc42. Subsequently, the Rac activation directs P38 
MAPK stimulation that results in cytoskeletal rearrange-
ment (Fig. 2) [50].

TF expression
There are many species of animals that contain this 
chemical, including humans, rats, fish, mice, Drosophila 
melanogaster, and insects [2]. Normal body tissues, such 
as vascular adventitia, capsules of various organs, tumor-
related macrophages (TAM), endothelial cells, and fibro-
blasts, express TFs [62, 63]. In physiological conditions, 
TF is not detected in tuberculosis’s mononuclear and 
vascular endothelial cells. However, in pathological con-
ditions such as cancers, it is expressed on the surface of 
cancer cells [64, 65]. It has been shown that many patho-
logical conditions, such as sepsis, myocardial infarction, 
arteriosclerosis, and cancer, express TF on the surface of 
monocytes, endothelial cells, and tumor cells [66]. Unlike 
benign breast tumors, malignant and invasive breast 
cancers express TFs on their surface near the endothe-
lial cells of their stroma [67]. The amount of TF is low in 
the blood compared to the vessels of smooth muscle cells 
and fibroblasts adventitia [68]. An increase in the level of 
TF has been seen in prostate cancer [69]. Most tumors 
involving epithelial cells show increased TF expression 
[70]. TF plays a role in embryogenesis and is expressed in 
the embryo before factors VII and VIIa. Many cells tem-
porarily or permanently express TFs in dead embryos and 
newborns [71]. Inflammatory conditions, tumor necrosis 
factor, tumor environment, etc., activate TFs. As a result, 
it leads to the progression of cancers such as ovarian, 
stomach, breast, etc. [65]. Therefore, TF is expressed on 
the surface of tumor cells and stromal cells [72].

The synthesis of TF is controlled by various fac-
tors, the most important of which are tumor suppres-
sor genes, among which the most important genes 
are tumor protein p53 (TP53), phosphatase and ten-
sin homolog (PTEN), and serine/threonine kinase 11 
(STK11, also called LKB1). Previous studies showed 
that the expression of TF is controlled by TP53 and 
mutation in K Ras [73]. One of the factors that affect 
TF expression is post-transcriptional changes. Two 
important mechanisms are involved in these changes: 
microRNAs and alternative splicing phenomenon. 
These post-transcriptional changes control various bio-
logical activities such as invasion, metastasis, throm-
bogenesis, chemotaxis, growth, and angiogenesis in 
the tumor. Various factors such as hypoxia, VEGF, 
and pro-inflammatory cytokines such as TNF-α lead 
to increased expression of TF in tumors. Many factors 
are involved in the regulation of alternative splicing, 

such as the serine/arginine-rich (SR) proteins ASF/SF2, 
SC35, SRp40 and SRp55 or the Serine and arginine-
rich (SR) proteins, Cdc2-like kinase (Clk)1, 2, 3 and 
4, protein kinase B (Akt) or the DNA topoisomerase I 
(TopoI). The binding of SR proteins to TF pre-mRNA 
leads to the addition of exon 5 and, as a result, the pro-
duction of flTF isoforms, but the reduction of binding 
of these proteins to TF pre-mRNA leads to the produc-
tion of asTF isoforms [2, 74].

In a study [75] examining the regulation of TF iso-
forms in HUVECs, the impact of inhibiting the PI3K/
Akt pathway and NFκB on TF isoform expression 
was compared. Inhibiting PI3K/Akt reduced asTF 
mRNA expression, while NFκB inhibition reduced 
both isoforms. The study also observed altered phos-
phorylation of SR proteins with PI3K/Akt inhibition. 
Overexpression of SF2/ASF and SRp75 influenced TF 
isoform expression. These findings highlight the role 
of the PI3K/Akt pathway in TF alternative splicing in 
HUVECs, independent of transcriptional regulation 
[75]. In another study investigating TF isoforms in 
TNF-α-stimulated human endothelial cells, the role of 
Cdc2-like kinases and DNA TopoI in TF splicing was 
examined. The study found that selective inhibition of 
these kinases led to changes in TF biosynthesis and 
impacted endothelial pro-coagulant activity [6]. This 
study provides the first evidence that serine/arginine-
rich protein kinases modulate TF pre-mRNA splicing 
in human endothelial cells, influencing endothelial pro-
coagulant activity during inflammation. The findings 
suggest a regulatory mechanism for TF isoform expres-
sion in response to TNF-α stimulation [6].

It was discovered that miR-19, a specific microRNA, 
directly regulates the expression of TF in breast cancer 
cells. By binding to the 3’ untranslated region (3’UTR) 
of TF mRNA, miR-19 reduces the expression of TF. 
They observed higher TF levels in highly invasive breast 
cancer cells compared to less invasive cells, indicat-
ing the potential involvement of miR-19-mediated TF 
regulation in breast cancer invasiveness and angio-
genesis [2]. It was also revealed that miR-93 and miR-
106b also regulate TF expression in leiomyosarcoma 
cells through binding to the 3’UTR of TF mRNA. In 
2013, it was demonstrated that inhibiting miR-19a or 
miR-126 increased the expression of flTF and asTF in 
human cells, resulting in enhanced pro-coagulant TF 
activity. This study provided the first evidence of miR-
NAs affecting TF isoform expression and function [2]. 
Furthermore, miR-19a can reduce TF expression in 
colon cancer cells, and inhibiting TF through miR-19a 
reduces migration and invasion of colon cancer cells 
mediated by TF [76]. These findings highlight the role 
of miRNAs in directly controlling TF expression and 
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function in cancer cells, suggesting their involvement in 
cancer invasiveness, angiogenesis, and migration. Tar-
geting specific miRNAs involved in TF regulation could 
have therapeutic implications for cancer treatment.

The role of TF in apoptosis, metastasis, 
angiogenesis and VTE
In various cancers, TF plays a role in progression, inva-
sion, metastasis, and angiogenesis. One way in which 
it contributes to these events is by activating signaling 
pathways [66]. Angiogenesis is influenced by the TF 
proteolytic pathway, one of the mechanisms by which 
factor VIIa plays a role in signaling [66]. The expression 
of TF on the surface of tumor cells leads to an increase 
in the expression of VEGF and, as a result, an increase 
in the expression of angiogenesis. The domain that 
plays an important role in angiogenesis is the cytoplas-
mic domain of TF with 21 residuals [77]. The cytoplas-
mic domain of TF plays a role in activating MAPK, p38 
and GTPase, Rac-1, and as a result, the migration of 
tumor cells. Therefore, the inhibition of p38, for exam-
ple, by SB20358, can lead to the inhibition of cell migra-
tion. Activation of the MAPK pathway by cytokines and 
growth factors leads to the enhancement of chemotaxis 
in  vitro and angiogenesis in  vivo. Phosphorylation of 
p38 leads to the activation of Rac1, and the activation 
of Rac1 leads to the activation of PKA, and finally, PKA 
leads to the regulation of MAPK. Phosphorylation of 
HSP-27 leads to p38 activation, F-actin polymerization, 
and as a result, cell migration. The activation of Rac-1 
also leads to the activation of PI3K and is involved in 
cell migration. The cytoplasmic domain of TF plays a 
role in regulating the expression of VEGF in cell lines as 
well as calcium pumps in monocytes. For the activation 
of p42/44, p38, Rac-1, Src, PI3K, and p70/90 S6 kinase, 
only the extracellular domain of TF is required (Fig. 3) 
[66].

TF‑mediated metastasis
Metastasis is a multistep process that requires highly 
specialized interactions between tumor cells and host 
target organs [78]. To complete the multistep process of 
metastasis, tumor cells interact with the host in various 
highly specialized ways. This entails tumor cells entering 
the vascular compartment through local invasion, being 
arrested, and implanted in the target organs’ capillary 
bed before proliferating as metastases [79]. The plasma 
coagulation cascades have long been considered to be 
essential for the efficient metastasis of tumor cells [80, 
81]. In line with these findings, tumor cell production of 
pro-coagulants such as TF, cancer pro-coagulant 1, and 
selectin ligands corresponds with advanced disease and 

poor outcomes in numerous cancer types 2,3 [82]. An 
important regulator of intracellular signaling events, TF, 
regulates gene expression and cell function. It plays a key 
role in tumor cell intravasation, which is a crucial precur-
sor to tumor dispersion. It has also been shown that a 
variety of hematological tumors are likely to spread based 
on their expression levels [81, 83].

TF may promote metastasis via promoting thrombin-
induced proteolysis, intracellular signaling events medi-
ated by the TF-CT, stimulation of protease-activated 
receptors by TF/FVIIa/FXa, or a combination of these 
activities. Endothelial cell protein C receptor (EPCR) 
overexpression or treatment with activated protein C 
(APC) decreases metastasis, but inhibiting endogenous 
aPC enhances metastasis linked with endothelial bar-
rier disruption [84, 85]. Factor V Leiden, an aPC-resist-
ant factor, causes enhanced hematogenous metastasis 
in mice [86]. These findings show that enhanced plate-
let activation may become a prominent pro-metastatic 
mechanism in prothrombotic situations. Several stud-
ies investigated the contributions of a crucial receptor 
interaction bridging platelets and leukocytes that have 
previously been involved in metastasis (i.e., GPIbα and 
CD11b) using pharmacological and genetic techniques 
[87–89]. According to N. Yokota et al. research, the con-
tact pathway is not necessary for TF-dependent metas-
tasis in TMPro (thrombomodulin deficiency) mice. 
Moreover, leukocyte contact with platelet GPIb is not 
necessary for increased metastasis in TMPro mice, and 
increased metastasis in TMPro mice is also a result of 
PAR1 signaling [89].

Yu et al. have revealed that tumor cells generated with 
activating K-ras or p53-inactivating mutations have 
enhanced TF expression. RNAi knockdown experiments 
in these cells revealed that TF upregulation is a major 
mediator of the K-ras mutation’s tumor growth-promot-
ing and pro-angiogenic actions [90]. Activated proteases 
produced by TF activity, including as FVIIa, Factor Xa 
(FXa), and thrombin, can activate PARs [91–93]. PAR 
signaling can activate NF-ĸB, suppress anoikis, and 
enhance the growth and metastasis of PAR-expressing 
cells, including tumor cells [94]. PARs, particularly tumor 
cell-expressed TF-FVIIa-PAR2, are implicated in the pro-
duction of pro-angiogenic factors such as VEGF and IL-8, 
as well as immunologic modulators such as GM-CSF and 
M-CSF, thereby promoting tumor growth, increasing 
angiogenesis, and promoting metastasis [56].

Factor VIIa (FVIIa), is related to β1, β3, α6 integrins, 
but it is not related to α2 integrins and is independent 
of the proteolytic activity of Factor VIIa or Par2 signal-
ing [45]. Proteolytic activity of Factor VIIa, is required 
for activation of Par2, not the extracellular domain of TF. 
The inhibited active site of Factor VIIa (FFR-VIIa), also 
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plays a role in signaling. FFR-VIIa, through fibronectin in 
the lower part of Boyden’s chamber, leads to cell migra-
tion, but FFR-VIIa alone cannot play the role as the che-
moattractant agent. Because VIIa and FFR-VII bind to 
the inactive TF pool with different affinities but with the 
same affinity to the active TF pool, the active TF pool 
plays a role in cell migration [66].

It has also been reported that TF induces the formation 
of a platelet clot around tumor cells [95]. This platelet clot 
then stimulates the recruitment of macrophages to tumor 
cells, which are necessary for tumor cell survival. As 
a result, tumor cell TF can contribute to the metastatic 
process by initiating a biological mechanism that leads 

to macrophage recruitment to the tumor cell. Coagula-
tion is also necessary for the recruitment of a compara-
ble group of monocytes/macrophages to distant regions 
where circulating tumor cells establish themselves and 
grow. The substantial reduction in lung metastasis pro-
vided by interrupting this sequence of events brings up 
an intriguing therapeutic and potentially preventative 
opportunity in metastasis treatment [82]. In addition to 
these findings, platelets and fibrinogen have both been 
found to promote metastatic potential by reducing the 
ability of natural killer (NK) cells to remove newly formed 
micrometastatic foci [96, 97].

Fig. 3 Overview on factors affecting F3 gene and TF-involved signaling pathways progressing cancer. The right and bottom parts of the figure 
show the positive and negative effectors affecting the expression of TF gene, with blue arrows indicating positive effectors and red arrows 
indicating negative effectors. Activation of the mTOR pathway, inflammatory cytokines such as TNF, activation of proto-oncogenes such as KRAS, 
inactivation of PTEN and P53, growth factors such as EGF, FGF and VEGF, and hypoxia are positive effectors. On the other hand microRNAs such as 
miR19 and miR19a are negative effectors of the expression of TF gene. The top part of the figure shows how TF works in angiogenesis, invasion, 
metastasis, tumor cell growth, and carcinogenesis. On the one hand, TF leads to uncontrolled growth of cancer cells by activating the JAK2-STAT5 
pathway, which prevents the apoptosis of cancer cells, and on the other hand, by activating RTKs, it promotes the growth of tumor cells. TF leads 
to increased angiogenesis and metastasis of tumor cells by increasing VEGF and inhibiting TSP. TF activates rac1, which in turn activates PKA and 
regulates MAPK, leading to the growth and metastasis of cancer cells. TF activates PAR2, which in turn leads to increased angiogenesis, invasion, and 
metastasis of cancer cells in several ways. On the one hand, it leads to increased VEGF, bEGF, IL8, and βTGF- and, therefore angiogenesis, invasion, 
and metastasis of tumor cells. Moreover, it stabilizes β-catenin and causes invasion of tumor cells. PAR2 also activates MAPK and ERK1/2 pathways, 
and increases β-arrestin, which phosphorylates cofilin, leading to the polymerization of actin filaments at the edge of invading cells and thus 
increasing invasion and metastasis of tumor cells. TF activates the signaling pathways PI3K/AKT, MAPK, and FAK by binding to integrins α6β1 and 
β3vα
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First demonstrated in 1990, Gorlin et al. found a molec-
ular relationship between TF and actin-binding protein 
280 (ABP-280) [98], which is responsible for the stabil-
ity and mobility of the cortical actin cytoskeleton [99]. 
By recruiting ABP-280 to TF-mediated adhesion inter-
actions, Ott et  al. demonstrated that TF promotes cell 
adhesion and migration [77]. ABP-280 has been hypoth-
esized to associate with other β2-integrin subunits due 
to sequence conversation in their cytoplasmic domains 
based on its association with the β-integrin subunit [100].

One of the factors that play a role in cell migration is 
the binding of ABP280 to the cytoplasmic domain of 
TF, which leads to the stabilization of actin filaments. In 
fact, this is caused by the interaction of the cytoplasmic 
domain of TF with the carboxyl-terminal of ABP280. 
ABP280 is activated by TNF-α and lysophosphatidic acid 
and regulates protein kinases activated by stress (such 
as MAPK). Induction of actin filament assembly follow-
ing binding with TF leads to the phosphorylation of FAK 
(a non-tyrosine kinase receptor involved in cytoskeletal 
signaling). Extracellular accumulation of TF can iden-
tify cytoplasmic actin networks without dependence 
on integrin activity. Extracellular ligation of TF leads to 
the recruitment of ABP280, which is a necessary event 
for cell migration, indicating that TF is directly involved 
in the adhesion and migration of tumor cells. TFPI and 
Kunitz-type TF inhibitors lead to the inhibition of TF 
and, as a result, reduce cell migration and metastasis. It 
should be noted that cell migration takes place through 
the binding of ABP280 to the cytoplasmic domain of TF 
without dependence on the proteolytic activity of factor 
VIIa [66].

The binding of the protein ABP-280 to the cytoplasmic 
domain of TF is one molecular pathway through which 
TF may facilitate cell migration and trafficking. The 
recruitment of ABP-280 causes actin filament remode-
ling, cell spreading, and migration [101]. These effects are 
mediated by interactions of the TF cytoplasmic tail with 
cytoskeletal adaptor proteins, which may explain the TF-
CT’s functional role in metastasis and vasculogenesis.

A study revealed that microvesicles expressing TF that 
originated from tumor cells led to an increase in metas-
tasis in mice through increasing the coagulation path-
way and monocytes derived from the bone marrow. EVs 
expressing TF secreted from breast and pancreas cell 
lines, after 6  h of contact with endothelial cells, lead to 
the activation of endothelial cells and this activation 
requires TF activating factor X. The response of endothe-
lial cells was mediated by Par1, not Par2. Therefore, Par1 
is the main receptor of EVs expressing TF secreted from 
tumor cells in dormant and inactive endothelial cells [70].

PAR2 leads to an increase in the production of 
microvesicles (MVs) which have pro-coagulant 

properties, in the breast cancer cell line known as 
MDMA-MB-231. Rab-5, which is located in the cell 
membrane, plays an important role in MV production. 
In fact, PAR2, by phosphorylating and activating AKT, 
leads to the conversion of Rab-5-GDP to Rab-5-GTP and 
activates it. With the activation of Rab-5, actin polym-
erization occurs and leads to the release of MVs. There-
fore, Rab-5 plays a role both in the release of MV and in 
the metastasis and invasion of cancer cells [102]. Most 
of the tumors involving epithelial cells show increased 
expression of TF. Endothelial cells express all 4 types of 
PARs; however, there is no consensus on the expression 
of PAR4 on the surface of umbilical cord vein endothelial 
cells in different studies. Par1 is highly expressed on the 
surface of inactive and dormant endothelial cells, while 
Par2 is only expressed on the surface of endothelial cells 
activated by inflammatory cytokines and hypoxic con-
ditions. Endothelial cells in a normal state, do not allow 
the metastasis of cancer cells, but inflammatory media-
tors and cytokines lead to the increase of adhesive mol-
ecules and the release of inflammatory mediators from 
the endothelial cells themselves, and in this case, these 
activated endothelial cells allow Cancer cells metastasize. 
The complex of TF-VIIa-Xa expressed on the surface of 
microvesicles secreted from cancer cells, leads to the acti-
vation of endothelial cells by breaking Par. The response 
of activated endothelial cells to Xa is mainly carried out 
by PAR2. Increasing the expression of adhesive molecules 
such as E-selectin on endothelial cells can lead to the 
strengthening of the rolling phenomenon and increase 
the metastasis of cancer cells. In addition to E-selectin, 
interleukin-8, ICAM-1 and monocyte chemoattractant 
protein-1 lead to increased metastasis of cancer cells in 
response to extracellular vesicles (EVs) [70].

TF‑mediated angiogenesis
Angiogenesis, the phenomenon through which new 
blood vessels form from already-existing ones, occurs 
during embryonic development, wound healing, and can-
cer [103]. Vascular endothelial growth factor (VEGF), 
growth factor receptors like KDR/flk-1 and flt-1, met-
alloproteinases, and interleukin-8 are just a few of the 
proteins that control angiogenesis; however, integrins 
are also necessary. In particular, capillary formation and 
endothelial and pericyte migration are regulated by β1 
and β3-type integrins [104, 105]. It has been noted that 
Angiogenesis has been identified as a defining feature 
of cancer and has been shown to be a requirement for 
tumor growth [106, 107]. Tumor growth and angiogen-
esis are thrombin-independent and involve TF-CT-medi-
ated cell signaling, activation of the protease-activated 
receptor (PAR) 2, and integrin ligation (Fig.  4) [40, 45, 
63].
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In the biology of cancer, flTF and asTF have important 
roles in thrombogenicity, survival, tumor growth, angio-
genesis, signaling, invasion, and metastasis [1]. Hobbs 
et  al. demonstrated that asTF overexpression increased 
the microvascular density in a pancreatic cancer tumor 
model and hence facilitated cancer-related angiogenesis 
in  vivo. They injected mice with pancreatic MiaPaCa-2 
cancer cells that were overexpressed with asTF. These 
studies revealed that asTF overexpression increased the 
number of tumor-associated blood vessels, tumor cell 
proliferation, and, ultimately, in vivo tumor growth [108]. 
Eisenreich et  al. showed that overexpression of asTF 

improved the pro-angiogenic potential of both A549 lung 
cancer cells and murine HL-1 cells [1], which is in line 
with previous studies that reported asTF mediate pro-
angiogenic processes. They showed that asTF overexpres-
sion accelerated the growth of A549 lung cancer cells. 
Additionally, Eisenreich et al. discovered that endothelial 
cells formed pro-angiogenic tubes in response to asTF 
secreted by A549 cells [7, 109]. These mechanisms, which 
were unrelated to flTF, were linked to enhanced produc-
tion of pro-angiogenic and cell growth-promoting sub-
stances such as cystein-rich 61 or VEGF [7]. In 2009, van 
den Berg et al. showed that asTF-induced pro-angiogenic 

Fig. 4 This text discusses the formation and role of flTF and asTF in carcinogenesis, as well as the roles of flTF -VIIa in the growth, invasion, and 
metastasis of cancer cells. The binding of TF to SR leads to the formation of asTF, while lack of binding leads to the formation of flTF. On the one 
hand, asTF increases cell cycle proteins (CNNA1/2 and ANAPC10), growth factors (MDK, TIMP-1, Gal), and factors involved in positive integrin 
regulation (FERMT2), while decreasing factors involved in negative integrin regulation (TENSIN3). Furthermore, binding to integrins α6β1 and 
β3vα leads to PAR2-independent signaling and consequently increased tumor cell metastasis. Decreased phosphorylation of SRP55 and ASF/SF2 
following TOPOI inhibition leads to increased asTF expression and production, while miR126 results in decreased asTF expression and production. 
The binding of flTF to integrin α3β1 and increased PAR2 expression leads to increased VEGF, IL8, and CXCL1 expression, angiogenesis, and increased 
tumor cell metastasis. miR19a decreases flTF production and expression. flTF-VIIa plays a role in carcinogenesis in several ways: 1) increasing 
UPAR expression and consequently tumor cell invasion, 2) phosphorylation and activation of AKT following PAR2 activation, which results in the 
conversion of inactive Rab-GDP to active Rab-GTP, actin polymerization, and release of microvesicles (MV), ultimately resulting in tumor cell invasion 
and metastasis, and 3) increasing cancer cell growth following activation of the P42-P44 MAPK, PI3K/AKT, RAS/RAF/MEK/ERK, and SRC-like kinase 
signaling pathways. flTF, via binding to ABP-280, which is itself activated by TNF-α and lysophosphatidic acid (LPA), can activate the aforementioned 
signaling pathways. The flTF-VIIa complex, binding to factor Xa, leads to PAR2 cleavage and activation of endothelial cells. Factor Xa, trypsin 1/2/4, 
kallikreins 2/4/6/14, elastase, protease 3, and cathepsins G/S activate PAR2, while thrombin, Xa, and APC cleave and activate PAR1, which all act in 
favor of tumor progression and invasion
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processes in endothelial cells were mediated by integrin 
ligation, which was different than PAR-2 signaling. In 
this situation, they discovered that integrin ligation was 
the mechanism through which asTF-induced angiogen-
esis was mediated. This was not dependent on PAR-2 or 
FVIIa, in contrast to flTF-mediated angiogenesis [40].

TF overexpression in tumors contributes to the angio-
genic phenotype in part by up-regulating the expression 
of the pro-angiogenic protein VEGF and downregulating 
the expression of the antiangiogenic protein thrombos-
pondin-2 [110]. In vivo, TF may stimulate local thrombin 
production and hence indirectly induce VEGF signaling 
via paracrine PAR1 signaling in stromal cells or autocrine 
PAR1 activation of tumor cells [111]. Transfectants car-
rying the extracellular domain mutant TFmut, which has 
noticeably reduced activity for activating factor X [112], 
generated basically similar amounts of VEGF mRNA as 
those carrying the full-length TF cDNA [101]. Accord-
ing to the findings so far, it is not necessary for TF pro-
coagulant action and binding factor VIIa’s proteolytic 
function to regulate VEGF synthesis in human tumor 
cells [113]. About equal amounts of VEGF mRNA were 
produced by transfectants with the extracellular domain 
mutant and the full-length sequence. Nevertheless, cells 
transfected with the mutant cytoplasmic deletion con-
struct generated more TF but little to no VEGF. There-
fore, in some tumor cells, the cytoplasmic tail of TF 
regulates the expression of VEGF [101].

VEGFR-1, also known as FLT-1, is a transmembrane 
tyrosine kinase receptor for VEGF-A, VEGF-B, and pla-
cental growth factor (PlGF). In vitro studies have shown 
that VEGFR-2, unlike VEGFR-1, is the only receptor 
required for endothelial cell proliferation, migration, and 
survival [114–116]. VEGFR-1 signaling has also been 
shown to play a beneficial regulatory role in other studies. 
The reduction in PlGF expression in ischemic myocar-
dium is linked to decreased angiogenesis, suggesting that 
VEGFR-1 or VEGFR-2 heterodimerization is required 
for angiogenesis [117]. In neonatal and adult mouse tis-
sue, Vivienne C. Ho and Guo-Hua Fong observed that 
Cre-loxP-induced deletion of VEGFR-1 enhanced angio-
genesis [118]. However, VEGFR-1 has been implicated in 
stimulating angiogenesis under certain circumstances in 
adult tissues, especially in tumors and ischemic tissues, 
despite negatively controlling endothelial cell differentia-
tion throughout development.

In areas of hypoxia within solid tumors, hypoxia-induc-
ible factor-1 (HIF-1a) is recognized to increase VEGF 
expression. Although TF might increase VEGF expres-
sion, oxygen concentration drives angiogenesis [119]. In 
endothelial cells, microRNAs are involved in post-tran-
scriptional changes. These post-transcriptional changes 
control various biological activities such as invasion, 

metastasis, thrombogenesis, chemotaxis, growth, and 
angiogenesis in the tumor.

TF‑mediated venous thromboembolism
One of the cases that occurs in various cancers is VTE, 
which is a common disorder and one of the leading 
causes of death in patients with brain tumors, so about 
34% of brain tumor sufferers afflict VTE during their dis-
ease process [120–123]. There is no significant relation-
ship between TF expression and increased risk of VTE in 
the future [120]. Microparticles expressing TF, which are 
the cause of thrombosis and platelet aggregation in some 
cancers, are released in a small amount from the cells 
in the brain tumor [124]. It is also stated that low-grade 
astrocytomas express a higher level of TF compared to 
the previous study, and it is also stated that astrocytes are 
considered the primary source of TF in the central nerv-
ous system of mice [125–127].

One of the factors that lead to VTE in various can-
cers is the release of microvesicles (MV) expressing 
TF from cancer cells. In general, we have two types of 
extracellular vesicles: 1. The smaller exosome, which 
has a size between 30 and 100 nm, is formed in the cell 
and is released after merging with the cell membrane 2. 
The larger microvesicles, which have a size between 50 
to 1000  nm, are formed directly by budding out of the 
plasma membrane. Many studies showed that microvesi-
cles containing TF that are secreted from tumor cells 
would lead to VTE. Because microvesicles sprout from 
the cell membrane, they have the cell’s characteristics 
from which they sprouted. The number of microvesi-
cles is dependent on age, so their number decreases with 
age because, with aging, microvesicles are more eas-
ily absorbed by B cells. Microvesicles lead to the activa-
tion of monocytes and B cells, and the stimulation of B 
cells with LPS leads to the absorption of MVs into these 
cells. Therefore, if a middle-aged person has a large num-
ber of MVs, it may occur due to a disease. Inflammatory 
cytokines and endotoxins will increase the release of MVs 
from tumor cells. There is a direct relationship between 
ERK phosphorylation and TF activity. Larger microvesi-
cles express more TF and, as a result, increase the risk of 
VTE [128]. Mackman et al. have reported that micropar-
ticles (MPs) expressing TF originates from tumors and 
could be a good biomarker for reconnoitering patients at 
risk for venous thrombosis. They also reported that if a 
patient develops cancer and has VTE concurrently, the 
activity of MP expressing TF will be much higher than 
cancer patients without VTE. So they concluded  TF+ 
MPs might be a useful biomarker for reconnoitering can-
cer patients and other patients who have a high risk for 
venous thrombosis [129].
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TF‑mediated activation of anti‑apoptotic pathways
In addition to TF’s role in the process of coagulation, 
angiogenesis, metastasis, and invasion of tumor cells, 
It also plays an anti-apoptotic role. Apoptosis, or pro-
grammed cell death, has two internal and external path-
ways in which caspases are involved in both pathways. 
Caspases are normally inactive (zymogen) and are acti-
vated by proteolytic cleavage. The extrinsic pathway is 
activated by death receptors such as FAS, TRAIL, and 
TNFR1, leading to the activation of caspases 8, 10, and 
12, which ultimately activate caspase 3. The internal 
pathway is activated following oxidative stress, depriva-
tion of growth factors, etc., which leads to the release 
of cytochrome c from mitochondria. These events will 
eventually lead to the activation of caspase 9 and 3. Stud-
ies have shown that the binding of VIIa to TF, leads to the 
prevention of apoptosis in cells following growth factor 
deficiency and other factors, and the anti-apoptotic pro-
tease activity of VIIa is dependent on its binding to TF 
[130, 131].

This anti-apoptotic activity of the complex of TF and 
VIIa is due to the activation of signaling pathways that 
are involved in cell growth and survival, including the 
p42/44 MAPK pathway, which is activated by phospho-
rylation. The PI3K/AKT pathway, the RAS/RAF/MAPK/
ERK pathway and SRC-like kinases. There are conflict-
ing studies regarding the association of active factor VII 
with PAR in the process of inhibiting apoptosis. Previous 
studies have stated that VIIa cannot lead to an increase 
in intracellular calcium release in BHK (baby hamster 
kidney) and CHO (Chinese hamster ovary) cells, as 
well as its insensitivity in desensitization of cells to PAR 
activators, it can be concluded that intracellular sign-
aling Active VIIa, does not depend on PAR. One of the 
reasons that VIIa is not able to release intracellular cal-
cium is that because the activation of PAR is kinetically 
slow and requires the binding of VIIa to TF, the release 
of intracellular calcium cannot be achieved by VIIa and 
PAR. TF leads to increased survival of breast cancer 
cell lines, namely MDA-MB-231 and ADR-MCF-7 [130, 
131]. In ADR-MCF-7, the TF-VIIa-Xa complex and not 
the TF-VIIa complex is necessary for survival, and the 
p42/44 MAPK pathway is necessary for the survival of 
MDA-MB-231.

The activated JAK2/STAT5 pathway, following the 
effect of TF, plays an important role in inhibiting apop-
tosis. STAT due to its effect on the anti-apoptotic pro-
tein BCL-XL, and JAK by its effect on AKT, leading to 
the inhibition of apoptosis. TRAIL leads to apoptosis 
through the formation of the DISC complex and the sub-
sequent activation of caspase 8 and 3. Some studies have 
shown that the cytoplasmic domain of TF is not neces-
sary for the formation of the TF-VIIa complex, nor for 

the activation of coagulation pathways. The TF-VIIa- Xa 
complex leads to the induction of signaling pathways 
through PAR1 and PAR2, especially at low concentrations 
of VIIa. Therefore, by using PAR1/2 neutralizing antibod-
ies, we understood that TF performs its anti-apoptotic 
activity without dependence on PAR1/2. PAR2-activating 
agonists do not decrease the expression of DAPK1 (a 
tumor suppressor and a calcium-regulating serine-threo-
nine kinase) [130, 131].

VIIa leads to the phosphorylation of transcription fac-
tor STAT5 by Janus kinase 2 (JAK2) and the heterotrimer 
of G protein family, that is, G12/13. Gi has no role in this 
process. In fact, the activation of STAT5 is caused by the 
proteolytic activity of VIIa and has nothing to do with the 
activation and mediation of Xa, thrombin, and also with 
the cytoplasmic domain of TF. The noteworthy point is 
that although the activation of JAK1, JAK2 and TYK2 
may be seen simultaneously with the phosphorylation of 
STAT5, only JAK2 plays a role in the phosphorylation of 
STAT5. STAT5/JAK2 signaling, following the proteolytic 
activity of VIIa, leads to the production of anti-apoptotic 
protein BCL-XL, and thus leads to increased cell survival. 
Likewise, JAK2 leads to the activation of another anti-
apoptotic kinase called PKB, and the activation of this 
kinase following JAK2 is regulated by the PI3K signaling 
pathway [132]. Phosphorylation of JAK1/2 and STAT5 
occurs at a low concentration of 10  nmol/liter, but the 
proteolytic activity of VIIa and subsequent activation of 
the Akt/PKB signaling pathway occurs at a higher con-
centration, i.e., 10  nmol/liter. Through JAK2 inhibitors 
such as AG490, JAK2 and subsequent phosphorylation of 
STAT5 can be inhibited, and as a result, the anti-apop-
totic activity caused by these factors is also inhibited 
[132].

In addition to TF, Xa and thrombin can act as anti-
apoptotic agents. Xa and thrombin in BHK cells express-
ing TF, lead to inhibition of apoptosis. In two cell lines 
BHK (baby hamster kidney) and CHO (Chinese hamster 
ovary) that express TF, the signaling pathways of p42/44 
MAPK and AKT are activated. If PI3K inhibitor like 
LY294002 and also MEK inhibitor like U0126 are used, 
VIIa can no longer exert its anti-apoptotic effects. The 
expression level of DAPK1 (death-associated protein 
kinase 1) mRNA was changed by the TF/VIIa complex. 
DAPK1 sensitizes cells to many apoptotic signals and 
blocks signals involved in tumor cell metastasis. So, the 
anti-apoptotic activity of the TF/VIIa complex is carried 
out through the regulation of the expression of caspase-8 
and DAPK1 and without dependence on PAR1/2 and 
through the PI kinase/AKT signaling pathway [130, 131].

VIIa does not need thrombin and Xa for its activity and 
is inhibited by the active site blocker of VIIa (VIIai). VIIa 
in physiological concentration, leads to the inhibition 



Page 15 of 39Ahmadi et al. Biomarker Research           (2023) 11:60  

of caspase 3 and as a result, the absence of apoptosis in 
cells expressing TF but not in cells that do not express 
TF. G protein of class 3, called Gq, which is activated by 
thrombin, leads to increased calcium release and, as a 
result, the beginning of calcium-mediated signaling. The 
blocking effect of the active site blocker of VIIa (VIIai), 
depends on the concentration and at a concentration of 
about 10 times the normal concentration, it leads to the 
inhibition of cell survival dependent on VIIa. The effect 
of VIIa is stronger in cells in adherent environments, 
and in these environments, the need for VIIa to trans-
mit the survival signal is greater. VIIa plays a role in the 
anoikis of tumor cells of blood origin. VIIa leads to the 
activation of phosphatidyl inositide 3-kinase (PI3K) and 
p42/44 MAPK signaling pathways. Increased expression 
of TF, up to 1000 times, is characteristic of metastatic 
cells. The TF-VIIa complex leads to the activation of p21 
RAS. VIIa leads to the activation of the PKB pathway in 
cells expressing TF, and The TF-VIIa leads to an increase 
in interleukin-8. The TF-VIIa, either in serum-free cells 
(Starved serum) or in non-adherent cells, will lead to 
increased cell survival. The role of TF and VIIa in metas-
tasis depends on their concentration so that the normal 
concentration of TF leads to increased survival, but VIIa 
in physiological concentration (10 nm) does not have this 
effect, but in a lower concentration, i.e., 1 to 5 nm leads 
to increased survival. The combined activity of TF and 
VIIa has a much stronger effect on cell survival than the 
activity of each of these two factors alone [132, 133].

The role of TF in various cancers
Pancreatic cancer
TF is not expressed in normal pancreatic cells, but its 
expression is increased in invasive or non-invasive pan-
creatic cancer cells. In pancreatic cancer, hemostatic 
activation is often observed, which may be due to angi-
ogenesis and venous thromboembolism, which Sproul 
discussed in 1938 [134, 135]. A study also found that 
elevated TF expression was associated with symptomatic 
venous thromboembolism in pancreatic cancer speci-
mens [136]. According to previous studies, TF leads to 
an increase in the expression of factors involved in angio-
genesis, such as VEGF and a decrease in the expression 
of anti-angiogenic factors, such as thrombospondin, and 
in this way, they are involved in the invasion and metas-
tasis of many cancers, including pancreatic cancer. The 
increase in TF expression leads to an increase in VEGF 
and microvessel density. TF overexpression in pancre-
atic tumors increases the occurrence of vascular throm-
bosis in this cancer by four times compared to normal 
(Table 2) [136].

It is possible that TF may play a role in tumorigenesis, 
perhaps by regulating angiogenesis, based on the high 

frequency of TF expression found in the Khorana study 
in both invasive and noninvasive pancreatic neoplasms. It 
has been suggested that TF-mediated signaling may play 
a crucial role in regulating angiogenesis [147]. There is 
evidence that tumor cells may release TF into the blood-
stream and contribute to systemic thrombogenesis. Can-
cer patients have been found to have higher plasma TF 
levels, and experimental research has suggested that cir-
culating TF may play a role in the formation of thrombi 
[148, 149]. Pancreatic ductal adenocarcinoma (PDAC) 
is a deadly tumor with low survival rates and associated 
thrombotic complications. Increased TF expression, 
driven by oncogenes and tumor suppressor inactiva-
tion, contributes to PDAC progression. asTF, expressed 
in early and advanced stages, activates signaling path-
ways and integrins, promoting metastasis, migration, and 
monocyte infiltration. Both host TF and asTF contrib-
ute to thrombus formation. PDAC cells with high asTF 
expression release MPs with pro-coagulant activity. [150].

Coagulation factors such as thrombin and fibrin lead to 
the attachment of tumor cells to platelets and endothelial 
cells. Because the TF leads to the initiation of the external 
process of coagulation and, subsequently, the production 
of thrombin and fibrin, it plays a major role in the pro-
gression of invasion and prognosis of many solid tumors, 
such as pancreatic ductal adenocarcinoma. Therefore, the 
use of drugs that inhibit thrombin, warfarin, and heparin 
with low molecular weight can increase the survival time 
of patients [151].

Gastric cancer
The increase in fibrinogen plasma levels and throm-
bin formation in patients with non-metastatic gastric 
cancer increases their risk of thrombotic events [152–
154]. According to Yamashita et  al. study, approxi-
mately 25.1% of gastric cancer patients had significant 
levels of TF within their carcinoma cells. TF was pre-
sent in 41.8% of total intestinal-type carcinomas and 
61.0% of advanced intestinal-type carcinomas, signifi-
cantly higher than diffuse-type carcinomas [144]. The 
rate of TF expression in overall gastric cancer is rela-
tively low, but it was comparable to the results in colo-
rectal cancer [155].

In the population with intestinal-type gastric carci-
noma, TF expression was not associated with diffuse-
type gastric carcinoma but rather with advanced disease, 
invasive features, and poor outcomes [62]. These results 
suggest that TF expression is essential for intestinal gas-
tric cancer metastasis, not diffuse gastric cancer metas-
tasis. In SGC-7901 gastric cancer cells, Zhang et  al. 
transfected a full-length antisense TF cDNA, a short-
ened TF cDNA, an extracellular domain mutant cDNA 
of TF, and a vector containing flTF cDNA. Transfectants 
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with the full-length and extracellular domain mutant TF 
cDNAs raised TF and VEGF levels, while transfectants 
with the truncated TF cDNA increased TF but had low 
VEGF levels. These findings suggest that the cytoplasmic 
tail of TF is involved in the synthesis of VEGF in human 
gastric cancers [156].

The expression level of asTF and flTF mRNA in gastric 
cancer tissues is significantly higher than the expression 
level of the two TFs isoforms mentioned above in healthy 
gastric tissues of healthy people. So, both TF isoforms 
(asTF and flTF) can be helpful predictors of prognosis in 
gastric cancer, and their level is vital in this cancer. Aber-
rant expression of some oncogenes, such as KRAS, can 
lead to aberrant expression of TF and subsequently cause 
cancer. Among other factors that increase TF expression 
and cancer progression include activation of epidermal 
growth factor receptor) EGFR), inactivation of p53, and 
PTEN tumor suppressor [41].

Breast cancer
Increased expression of TF has been observed in more 
than 90% of breast cancers. The expression of TF on the 
tumor cells indicates a bad prognosis for breast cancer 
[72]. In addition to the TF, other risk factors that can 
affect the prognosis of the disease are age, size, the degree 
of tumor involvement, and hormone receptors. Estrogen, 
Her2, and nodal status. It is not clear whether TF pre-
dicts the prognosis of breast cancer or not [68]. Begum’s 
study showed asTF involved in breast cancer progression 
had low flTF expression regardless of its effect on angio-
genesis. Also, asTF in the angiogenesis process in the 
xenograft model MDA-MB-231-mfp does not increase 
the expression of vessels expressing marker CD31 in the 
model 2A3-3 expressing asTF, indicates the role of asTF 
in angiogenesis of this model. As a result, this study 
showed that asTF is abundant in breast cancer and plays 
a role in its progression and proliferation [157].

Table 2 Overview on the effect of TF in various cancers

TF Tissue Factor, HCC Hepatocellular Carcinoma, VEGF Vascular Endothelial Growth Factor, VTE Venous Thromboembolism

Cancer Presence of TF Result Study

Human melanoma TF overexpression Overexpression of TF increased metastasis [137]

Colorectal cancer TF expression Significant connections between TF expression and both synchronous and metachronous 
hepatic metastases

[138]

Breast cancer TF expression TF may have a role in neovascularization associated with tumor stroma formation and also 
patients with TF expression had lower survival periods than individuals without TF expres-
sion

[68, 139]

Hepatocellular carcinoma TF expression TF is a regulator of angiogenesis in HCC with VEGF also, TF plays a crucial role in the aggres-
siveness of HCC

[140]

Colorectal cancer TF expression Expression of TF caused cell line SW620 growth and migration [141]

Non-small cell lung cancer TF overexpression TF staining was substantially greater in cells from NSCLC patients having metastasis than in 
those without metastasis based on immunohistochemical studies

[142]

Melanoma TF overexpression In a mouse model, higher levels of TF were present in metastatic melanoma cells than in 
nonmetastatic cells, and blocking TF receptors significantly decreased the number of mela-
noma cells that remained in the lung

[78]

Glioma TF expressed In this prospective cohort study, no strong association was found between TF expression 
levels in brain tumors and the occurrence of VTE

[125]

TF overexpression There is a significant correlation between TF expression and tumor micro-vessel density, a 
measure of angiogenesis, suggesting that TF may play a role in glioma angiogenesis induc-
tion. As a result, TF is highly expressed in gliomas and the degree of expression is correlated 
with the microvascular density and histologic grade of malignancy

[126]

Ovarian cancer TF expression A substantial correlation between TF expression in tumors and the development of VTE was 
found

[143]

Gastric Cancer TF expression TF expression was associated with lymph node metastases. It is hypothesized that TF expres-
sion is crucial in the metastasis of intestinal-type gastric cancer but not diffuse-type cancer

[144]

Retinoblastoma TF expression TF modulates retinoblastoma tumor angiogenesis. In the proliferative region of retinoblas-
toma, TF was preferentially expressed

[43]

Pancreatic cancer TF overexpression A significant correlation between elevated TF expression in pancreatic cancer specimens 
and symptomatic venous thromboembolism. Also, TF expression is a crucial early stage of 
the pancreas’ malignant transformation

[136]

Prostate cancer TF expression Overexpression of TF in the majority (73%) of human prostate cancers [145]

Lung carcinoma TF expression patients with lung carcinomas that were TF-positive had lower survival periods than indi-
viduals whose cancers were TF-negative

[146]
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TF expression was found in small vessel vascular 
endothelial cells in the stroma of invasive breast carci-
nomas but not in benign breast cancers. This finding 
is particularly significant since it implies that TF may 
have a role in neovascularization associated with tumor 
stroma formation [67]. Invasive breast cancers are char-
acterized by an increase in TF-expressing cells in the 
stromal compartment. This was particularly apparent 
in the Comedo-ductal carcinoma in  situ, where mac-
rophages that expressed TF were plentiful. Inflammation 
in such tumors could be comparable to the inflammatory 
response that occurs during normal wound healing [158]. 
Ryde´n et  al. studied the relationship between PAR-2 
expression and TF phosphorylation in human breast 
cancer. They used xenograft tumors and found positive 
staining for TF. In PAR-2-deficient mice, tumors showed 
no cytoplasmic staining for pTF. The study highlighted 
the importance of TF-PAR-2 signaling in breast cancer 
prognosis and suggested pTF as a biomarker for dereg-
ulated TF-PAR-2 signaling in primary tumors [44, 159]. 
Versteeg et al. investigated the role of PAR1 and PAR2 in 
breast cancer development using PAR1-/- and PAR2-/- 
mice. They found that PAR1-/- breast cancer cells were 
unresponsive to thrombin, while PAR2-/- mice showed 
slower tumor progression and reduced metastasis. Addi-
tionally, vascularization and metastasis were delayed in 
PAR2-/- mice. The study concluded that PAR2, but not 
PAR1, signaling promotes the development of mammary 
adenocarcinoma [44, 160]. Therefore, the role of TF in 
the progression of breast cancer needs further investiga-
tion [68, 161, 162].

TGF-beta immunoreactivity was found in both tumor 
cells and the extracellular matrix surrounding TF-posi-
tive stromal cells after double immunofluorescent stain-
ing for TF and TGF-beta [67]. Because TGF-beta has 
been shown to be a strong chemoattractant for fibroblasts 
[163], to stimulate myofibroblast cytodifferentiation [164, 
165], and to activate TF expression in myofibroblast indi-
cator cells. Also, TGF-beta deposition in the stroma sur-
rounding infiltrating tumor cells appears to contribute to 
the abundance of TF-expressing myofibroblasts in these 
regions. It was demonstrated for the first time that anti-
bodies against TFs were capable of suppressing tumor 
growth in  vivo [83]. The anti-TF antibodies have been 
shown to reduce metastasis in mice experimental mod-
els [78] but not initial tumor growth. A therapeutic level 
of CNTO 859 (anti-TF antibody) was also demonstrated 
to inhibit tumor incidence and growth in orthotopically 
implanted MDA-MB-231 cells.

Prostate cancer
Prostate cancer is another cancer in which TF levels 
have increased. Almost 80% of people with untreated 

prostate cancer respond to androgen deprivation therapy. 
TAKUYA’s study has shown that TF expression in pros-
tate cancer is one of the factors involved in the prognosis 
of this disease. It should be noted that in some previous 
studies, it has been stated that the TF level is not related 
to the patient’s condition [69].

TF has been found to be overexpressed in most human 
prostate cancers (73%), suggesting it may have a func-
tional role in prostate tumor development [145]. TF is 
exclusively expressed by malignant luminal epithelial 
cells, while the tumor-associated stroma exhibits mini-
mal staining. TF has been shown to be highly expressed 
by stromal components associated with breast carci-
noma, in contrast to this pattern of immunoreactiv-
ity. This immunoreactivity pattern resembles that seen 
in gliomas, lung, and pancreatic carcinomas [127, 146, 
166], where TF is expressed by the malignant tumor cells 
themselves. Numerous adverse prognostic factors for 
prostate cancer, such as microvessel density, preoperative 
PSA levels, and positive surgical margins, were associ-
ated with TF expression. While one of the best indicators 
of prostate cancer recurrence is the preoperative PSA 
level, increased tumor microvessel density has been iden-
tified as a major unfavorable predictive factor in pros-
tate carcinomas [167–169]. Therefore, determining the 
prostate cancers’ TF expression status may offer further 
prognostic data. However, it should be highlighted that 
neither the Gleason grade nor the present patient condi-
tion showed a significant correlation with the TF status 
in Abdulkadlr et al. investigation.

To determine the link between TF and these factors, 
more data may be required. The relationship between 
TF and the malignant phenotype in prostate carcinomas 
raises the possibility that tumor cells can be specifically 
targeted in vivo using this cell surface receptor. Using TF 
antibodies or ligands linked to different toxins, it might 
be possible to destroy prostate cancer cells only when 
they are specifically targeted for destruction. Addition-
ally, there is information that TF function suppression 
by itself can retard the growth of tumors. Mueller et al. 
exploited anti-TF antibodies to inhibit the transmission 
of human melanoma cells to other mice [78]. Abdulkadlr 
et  al. found that TF is overexpressed in prostate cancer 
and associated with poor prognostic factors. Further 
research is needed to understand its role as a marker and 
its induction in cancer cells. Langer et al. examined pre-
operative plasma TF antigen levels in localized prostate 
cancer patients and their association with disease prog-
nosis. Patients with high TF levels had increased platelet-
derived microparticles and a higher risk of recurrence. 
Elevated preoperative plasma TF antigen levels might 
indicate increased platelet activation and a higher risk for 
recurrent illness in localized prostate cancer [170].
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Lung cancer
The complex of TF and VIIa, as well as the binding of epi-
dermal growth factor to its receptor in cancer cells pre-
sent in lung cancer, leads to the activation of the mTOR 
pathway, and the mTOR pathway leads to an increase 
in the expression of TF in lung cancer and glioblastoma 
[73]. The Heparanase gene (HPSE) is expressed in physi-
ological conditions by cells involved in the immune sys-
tem, platelets, and placental cells. Heparanase leads to 
the breaking of the heparin sulfate chain in the extracel-
lular matrix and cell surface. Recent studies showed that 
heparanase gene expression is controlled by p53 and 
EGR1. On the other hand, it has been shown that hepara-
nase plays a role in lung cancer tumorigenesis and metas-
tasis due to TF. But Sandra et al. showed that heparanase 
is not related to TF expression. The Kaplan–Meier dia-
gram shows that patients with NSCLC with a high level 
of asTF have shorter survival than patients with a low 
level of TF [171]. Therefore, asTF could be a valuable 
prognostic marker in NSCLC. Examination of NSCLC 
shows that the increase in TF leads to an increase in angi-
ogenesis through the increase in VEGF expression [172]. 
Over-expression of TF in murine tumor cells increases 
VEGF production while decreasing thrombospondin 
production, and under-expression of TF decreases VEGF 
production while increasing thrombospondin production 
[173]. GOLDIN-LANG et al. quantify mRNA and protein 
levels of flHTF (the physiological initiator of blood coag-
ulation) and asHTF (a soluble isoform of TF) in human 
NSCLC tissue and specimens collected from plasma. To 
reach this target, they evaluated the expression of TF in 
21 pulmonary adenomatous (AC) and 12 normal healthy 
tissues by real-time qRT-PCR. The fold change was 3.4 
i.e., pulmonary adenomatous mRNA expression was 
3.4-fold higher than control specimens. Another report 
realized from this study is that the expression of AsHTF 
mRNA was markedly lower in patients with stage IA 
disease than patients with higher grade stages, indicat-
ing TF could be a marker of malignancy and metastases. 
Finally, this study revealed that the higher expression of 
flHTF and, especially, asHTF in AC, is associated with an 
increased risk of thrombosis, metastasis, and tumor pro-
gression so, indicating a poor prognosis in these patients 
[3].

The level of TF is increased in advanced stages as well 
as 3 or 4 grades of NSCLC. The TF level expression and 
VEGF-189 are increased in NSCLC lung cancer that has 
a mutation in codon 12 of the KRAS gene. Therefore, this 
study revealed that, in general, the level of TF, microvas-
cular density (MVD), angiogenesis, and VEGF-189 in 
lung cancer is reduced, but if the lung cancer progresses 
to advanced stages, such as NSCLC, and If cancer cells 
have a point mutation in the Ras gene, the expression of 

the abovementioned factors could be increased [174]. 
The study of J.ROLLIN revealed that TF gene expression 
has a strong relationship with the VEGF-189 [171]. When 
compared to cancers with strong TF expression, TF-neg-
ative lung malignancies were more commonly resistant 
to doxorubicin. Furthermore, Koomägi et  al. discovered 
that patients with lung carcinomas that were TF-positive 
had lower survival periods than individuals whose can-
cers were TF-negative [146]. Therefore, TF may have 
prognostic significance and be used as a marker to assess 
the likelihood of survival in NSCLC.

Hepatocellular carcinoma
Hepatocellular carcinoma (HCC) is a malignant tumor 
that has a high propensity for invasion and metasta-
sis [175]. One of the important factors that lead to the 
aggressiveness and malignancy of this carcinoma is 
VEGF-induced angiogenesis, which increases following 
the increase in TF expression [176–178]. The assessment 
of angiogenesis through the measurement of microvessel 
density is followed by the assessment of the CD34 marker 
as an endothelial marker. Therefore, by targeting VEGF 
and TF, HCC growth and metastasis can be prevented 
[140]. Poon et al. study: TF expression in HCC relates to 
microvessel density, VEGF level, metastasis, survival rate, 
and poor prognosis; also, serum VEGF is a prognostic 
factor in HCC [140].

Poon et al. study also reveals that there was no highly 
significant association between tumor TF levels and 
tumor size. Tumor TF expression may affect tumor inva-
siveness regardless of tumor size. Also, in their research, 
Patients who had a high tumor TF level had a consider-
ably worse prognosis than patients who had a low tumor 
TF level [140]. This finding provides evidence that TF 
plays a significant part in the aggressiveness of HCC. In 
addition to its prognostic value, the association of TF 
with angiogenesis and tumor invasiveness may have ther-
apeutic implications [140]. Because of the vascularity of 
HCC, antiangiogenic therapy has a great deal of poten-
tial for treatment [179]. Antiangiogenic therapy could 
be beneficial as adjuvant therapy in individuals undergo-
ing HCC resection. HCC growth has been proven to be 
inhibited by VEGF therapy [180]. In HCC, TF may be a 
novel target for antiangiogenic therapy. In animal mod-
els, blocking TF activity using monoclonal antibodies 
inhibited tumor metastasis [181]. Pentoxyphylline [182] 
and retinoic acid can similarly inhibit tumor TF expres-
sion [183].

Cervical cancer
One of the factors that play a role in the progression of 
metastasis and invasion of this disease is the expres-
sion of TF. Studies show that tumor cells, by activating 



Page 19 of 39Ahmadi et al. Biomarker Research           (2023) 11:60  

the coagulation system, eventually lead to an increase 
in blood viscosity and a decrease in blood speed, which 
leads to thrombosis and invasion of tumor cells. In this 
cancer, as the disease progresses, the expression of TF 
increases, which indicates the relationship between TF 
and the degree of the disease. So Tissue factor could be 
determined as a novel marker for the detection of can-
cer cells circulating in the body [65, 184]. Bono et al. con-
ducted a study in which immunohistochemistry was used 
for tissue factor expression. Patient-match tumor biopsies 
were stained via TF-specific antibodies in the immuno-
histochemistry method. They observed that the highest 
prevalence of the expression of tissue factor belonged to 
cervical cancer and some other cancer like glioblastoma, 
pancreatic cancer, colon cancer, and NSCLC [185].

Retinoblastoma
This tumor is one of the tumors that have a lot of blood 
vessels and affected patients have a high risk of throm-
bosis, which worsens cancer. Various growth factors 
play a role in the progression, growth and drug resist-
ance of this tumor. Among all these growth factors, the 
main growth factor that plays a role in the development 
of retinoblastoma is FGF-2. In fact, FGF-2 in the tumor 
environment leads to increased angiogenesis [43]. A 
study conducted by Song et  al. demonstrated that TF 
regulates this angiogenesis in retinoblastoma tumors. In 
the proliferative region of retinoblastoma, which includes 
tumor cells as well as tumor vessels, TF was preferentially 
expressed. This expression co-localized with tumor ves-
sel endothelial cells [43]. This could imply the TF’s role in 
progressing cancer.

Gliomas
Hamada et al.[127] discovered that only one benign gli-
oma out of ten (10%) was found positive for TF (grade 
I–II), whereas 19 of 20 glioblastomas (95%) and 13 of 
14 anaplastic astrocytomas (86%) tested moderately or 
highly positive for TF. Moreover, Guan et al. [126] find-
ings supported those of Hamada et  al. had reported. 
Overexpression of TF in mouse sarcoma cells enhances 
angiogenesis by increasing the synthesis of VEGF, a posi-
tive angiogenic factor, and decreasing the production of 
thrombospondin 2, a negative angiogenic factor [173]. 
Guan et al. reported that there is a significant correlation 
between TF expression and tumor microvessel density, 
a measure of angiogenesis, which suggests that TF may 
play a role in glioma angiogenesis induction. As a result, 
they noted that TF is highly expressed in gliomas and that 
the degree of expression is correlated with the microvas-
cular density and histologic grade of malignancy [126].

Several cancers cause abnormal blood clotting, which 
is characterized by deep vein thrombi (DVT) and 

pulmonary emboli (PE), collectively known as venous 
thromboembolism (VTE). One of the cancers that is 
susceptible to VTE is gliomas. Noteworthy that isoci-
trate dehydrogenase 1 (IDH1) mutation status is one 
of the most effective prognostic markers for VTE in 
glioma [186]. Gliomas can be divided into two gen-
eral categories with point mutations and without point 
mutations. Approximately 20–30% of point muta-
tions in glioblastomas occur in IDH1 and, to a lesser 
extent in IDH2, which are enzymes involved in cellu-
lar metabolism. One of the most common genes with 
hypermethylation and reduced expression in mutant 
IDH glioma is F3 (TF coding gene). This hypermeth-
ylation is due to the production of 2-hydroxyglutarate 
(2-HG) caused by the mutation in IDH, which changes 
the expression of many genes. Mutant type IDH1 has a 
lower risk of VTE compared to the wild type, and the 
amount of TF in it is also lower. Mutant type IDH1 is 
less invasive than its wild type due to hypermethylation 
of the TF gene and reduced expression. Therefore, dem-
ethylating compounds such as DAC (deacetylase) have 
adverse effects in mutant IDH1. But the use of DAC 
in wild-type IDH1 reduces cell proliferation [31]. So, 
two possible complementary pathways are known for 
how mutant IDH1/2 prevents thrombosis. The first is 
methylation-based; mutant IDH1/2 causes F3 promoter 
hypermethylation, resulting in decreased transcription 
of the F3 mRNA and reduced production of the TF 
protein [187]. Mutant IDH1/2 promotes gliomagen-
esis and inhibits GBM growth by inhibiting intratu-
moral thrombi development and necrosis. This explains 
why most mutant IDH1/2 gliomas are not grade IV, 
while most wild-type gliomas are [186]. IDH1 mutant 
gliomas without intratumoral microthrombi have the 
best prognosis, regardless of patient age. In wild-type 
IDH1 gliomas, increased TF expression and the pres-
ence of microthrombi correlate with a 50% decrease in 
survival. TF expression enhances migration, adhesion, 
and proliferation in both IDH1 mutant and wild-type 
gliomas. High levels of D-2-HG, exceeding 100 M, are 
found in the cerebrospinal fluid of mutant IDH1/2 gli-
oma patients, suggesting significant concentrations in 
the tumor microenvironment. D-2-HG’s antiplatelet 
activity cannot be attributed to methylation due to its 
immediate action and platelets lacking DNA [186, 188].

A study revealed that suppression of TF inhibited 
the growth of GBM12 in vivo but not GBM6. Although 
GBM43 did not express EGFR, it did express PDGFRβ, 
which is an expressed type of RTKs activated by TF. TF is 
dependent on RTKs (receptor tyrosine kinase) for induc-
ing cell growth and proliferation and tumorigenesis [31]. 
One of the important factors that is located downstream 
of TF and leads to the activities mentioned above by TF, 
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is beta-catenin. Activation of Par2 leads to stabilization 
of beta-catenin and beta-catenin itself leads to cell-to-cell 
and cell-to-matrix adhesion during tumor cell invasion. 
Therefore, the important point is that for the growth of 
tumor cells, we need the activity of TF and RTKs, and 
for the invasion of tumor cells, we need the relationship 
between TF and beta-catenin. TCGA gene analysis shows 
a positive relationship between ECM-receptor interac-
tion with mRNA, F3 in glioma [31].

Disruption of the blood–brain barrier in glioblas-
toma leads to an increase in TF levels in the blood [125]. 
Nobuhiro et  al. revealed that increased expression of 
TF is related to lymph node metastasis and the degree 
of cancer malignancy, so patients whose tumor cells do 
not express TF have a better prognosis than those whose 
tumor cells do, even if there is lymph node metastasis 
[62]. In the tumor microenvironment, there are two types 
of macrophages: M1 and M2. M1 macrophages promote 
tumor destruction and produce TNF and interleukin-6, 
while M2 macrophages contribute to tumor progres-
sion by producing VEGF, MMP, and interleukin-10. M2 
macrophages are particularly involved in tumor angio-
genesis. The presence of TAMs (tumor-associated mac-
rophages) decreases in late-stage TFδCT and TFδCT/
par2-/- tumors. Alternative splicing of VEGF mRNA gen-
erates four isoforms (121, 165, 189, and 206 amino acids), 
each with specific functions. TF, through PAR1/2 path-
ways, regulates VEGF expression, leading to angiogenesis 
and invasion in various cancers. The larger isoforms (189 
and 206 amino acids) are bound to glycosaminoglycans, 
while the smaller isoforms (121 and 165 amino acids) are 
secreted into the extracellular matrix. Both 189 and 165 
amino acid isoforms contribute to angiogenesis, while 
only VEGF189 is involved in cell growth [174].

TF targeted and re‑targeted therapy
TF targeted therapies and targeted diagnostic approaches
TF is highly expressed in different kinds of cancers. It 
activates the extrinsic blood coagulation pathway and 
enhances tumor progression and metastasis [189, 190]. 
Many studies have shed light on the association between 
blood coagulation and cancer progression [191, 192]; 
Therefore, TF-targeted therapies can be effective in 
reducing tumor growth, angiogenesis, and metastasis 
in many cancers (Table  3) [59, 60, 189, 190]. Not only 
is targeting TF considered for cancer treatment, but it 
also helps for the precise detection of TF expression in 
tumors.

Antibody
Various types of antibodies have been used in studies, 
including anti-asTF monoclonal antibodies, antibody 

drug-conjugate (ADC), and molecule-conjugated Fc of 
IgG1. AsTF is a secreted form of TF that induces blood 
coagulation in patients with heightened TF expression 
levels in many forms of solid tumors, such as pancreatic 
ductal adenocarcinoma (PDAC). Also, RabMab1, as an 
asTF-specific neutralizing antibody, is capable of restrict-
ing PDAC progression and spread [59].

Many studies have assessed the anti-tumor effects of 
ADC on a broad range of solid tumors [189, 190, 194–
200, 222–224]. In this approach, the antibodies must 
bind to a tumor-specific antigen that is highly expressed 
on the cell surface that can be internalized into the tumor 
cells by an endosomal vesicle. The drugs conjugated to 
antibodies must be high-potential cytotoxic agents, and 
the linkers must be persistent in the physiological situa-
tion, such as plasma, and cleaved properly by proteases 
like cathepsin B in an acidic environment of cell lysosome 
[225, 226]. A specific anti-TF antibody, called SC1, dem-
onstrates a remarkable efficacy against TF extracellular 
domain, intracellular PAR2 signaling, and tumor-initiated 
coagulation, which is efficient against TF-positive triple-
negative breast cancer (TNBC) and Pancreatic adenocar-
cinoma cancer (PaC) cells. Accordingly, depleting the TF 
or SC1-treatment in TNBC or PaC cells led to the inhi-
bition of TF-mediated cell migration, lung metastasis, 
and tumor growth. Besides, tumor capability for angio-
genesis and stromal fibrosis was reported to be reduced. 
SC1-DM1(emtansine) and SC1-MMAE (monomethyl 
auristatin E) developed due to TF’s quick and effective 
internalization of SC1-drug conjugate. Both of them 
induced excellent cytotoxicity in TF-positive TNBC and 
PaC cells [190].

A first-in-human antibody–drug conjugate is Tiso-
tumab vedotin (InnovaTV 201), which targets TF directly 
and is in phase I/II of a clinical trial. It consists of a fully 
human monoclonal antibody that specifically binds to TF, 
conjugated to the MMAE via a protease-cleavable linker. 
Tisotumab vedotin is a potent TF-ADC that has prom-
ising anti-cancer activity in severely pretreated patients 
with several distinct cancers known to express TF [194]. 
As reported for the cervical cancer cohort of the inno-
vaTV 201 phase I/II study (NCT02001623) and phase II 
clinical trial study, Tisotumab vedotin exhibited a con-
trollable and tolerable safety profile along with signifi-
cant and prolonged anti-cancer activity, In patients who 
were formerly treated recurrent or metastatic cervical 
cancer [195, 196]. A primary paratope family which did 
not affect the alteration of Factor X (FX) to activated Fac-
tor X (FXa) and had no effects on the alteration of pro-
thrombin to thrombin is used. Both the coagulation-inert 
MMAE-anti-TF antibodies and inhibitory conjugated 
MMAE-anti-TF antibodies (tisotumab vedotin) killed 
tumor cells significantly [197]. MMAE-anti-human TF 
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(clone 1849), capable of internalizing into cells, has been 
used on cell lines expressing TF, which was followed by 
efficient MMAE release and notable suppression of pan-
creatic tumor growth [198]. ADC anti-tumor potential 
depends on kinetics parameters. In a study, three types 
of anti-TF ADCs were established, consisting of a low 
 kd 1849ADC, an intermediate  kd 444ADC, and a high 
 kd 1084ADC. This study selected MMAE and the MC-
vc-PABC linker, which is a broadly used and extremely 
potent anti-cancer combination [227]. In the in vivo, 
all ADCs exhibited the same anti-cancer effects against 
a small BxPC3 model of pancreatic tumor. While on a 
larger BxPC3 model of pancreatic tumors, 1084ADC 
(higher  kd) indicated greater anti-cancer activity in com-
parison with 1849ADC (lower  kd). Besides, comparing 
1849ADC to 1084ADC via exerting immunofluorescence 
staining exhibits that the distribution of the latter is 
across the whole tumor, whereas the former only local-
izes nearby the tumor vessels. The anti-tumor effects are 
augmented by the ADC with a greater  kd, due to its pen-
etration and distribution across the whole solid tumor 
[222].

There is another ADC, called an anti-TF1849 antibody, 
with a potent anti-tumor activity although an inhibitory 
effect on the blood-coagulating activity of TF. In con-
trast, the anti-TF1859 has the drawback of anti-TF1849, 
which led to the development of three other forms, 
namely anti-TF1859-IgG-NC-6300, anti-TF1859 F (ab’)2-
NC-6300, and anti-TF1859-Fab’-NC-6300. The NC-6300 
is an epirubicin-incorporating micelle that has an exten-
sive anti-tumor effect [228]. Anti-TF1859-IgG-NC-6300 
has greater anti-cancer activity in cells with highly 
expressed TF [199]. In another study, anti-TF-NC-6300 
having the F (ab’)2 of anti-TF mAb was established to 
be compared to NC-6300 both in vitro and in vivo. This 
particular ADC was tested on BxPC3 (high TF express-
ing pancreatic cell line), 44As3 (high TF expressing gas-
tric cell line), and SUIT2 (low TF expressing pancreatic 
cell line) xenografts. Anti-TF-NC-6300 showcased a 
greater anti-cancer capability in BxPC3 and 44As3 xeno-
grafts, whereas both agents indicated similar activity in 
the SUIT2 model. Anti-TF-NC-6300 seemed capable of 
localizing to the high TF-expressing cancer cells. Results 
showed that the heightened anti-cancer effect of anti-TF-
NC6300 might rely on the selective intratumor localiza-
tion and the preferential internalization of this ADC into 
high TF-expressing cancerous cells [200].

Conjugated anti-TF mAb (a chimeric antibody com-
posed of clone 1849 variable domains and constant 
human domains) to immunomicelles exhibits higher 
anti-cancer potential toward TF-positive stomach can-
cer compared to the anti-TF mAb and NC-6300 com-
bination; it can be distributed more equally among 

TF-positive tumor tissue in comparison with NC-6300. 
On the other hand, anti-HER2 mAb (trastuzumab) con-
jugated to immunomicelles does not indicate meaningful 
anti-cancer activity toward HER2-positive stomach can-
cer in comparison with the combined use of anti-HER2 
mAb and NC-6300 in gastric cancer [223]. Moreover, a 
study compared TF-ADC to EGF-R family receptors, 
TF, HER2 and EGF-R specific monoclonal antibodies 
conjugated to duostatin-3 (an antimitotic agent which 
hinders tubulin) polymerization). TF-011, HER-2 005, 
and zalutumumab are Monoclonal antibodies that target 
TF, HER2, and EGF-R. The study showed that TF-ADC 
is more efficient than the EGF-receptor family, whereas 
lower expression of TF compared to the expression of 
HER2 or EGFR is reported. It is hypothesized that to 
have an appropriate ADC treatment approach, the per-
petual TF turnover on tumor cells is needed [224].

Another ADC called TF-011-MMAE, a compound 
of human TF-specific mAb conjugated to MMAE by a 
protease-cleavable linker, is able to interrupt TF:FVIIa-
dependent intracellular signaling and eliminates cancer 
cells in  vivo without affecting TF procoagulant activ-
ity in many solid tumors. TF-011-MMAE showcased 
remarkable anti-cancer effects in the preclinical stage on 
patient-derived xenograft (PDX) models with different 
TF expression levels originating from seven distinct solid 
tumors. Analyzing both the antibody and MMAE parts 
of this ADC showcased that the auristatin part of MMAE 
mediated most cytotoxic effects on cancer cells [189].

Molecule-conjugated Fc of IgG1 is an effective 
approach for immunotherapy. The natural killer cell 
(NK cell) is a prominent cell of the innate immune sys-
tem, which can be a potent cytotoxic for a cancer cell; if 
it is stimulated. The complement system, as an important 
part of the immune response, can interfere with cancer 
cells in the presence of antibodies. The classic pathway 
of the complement system is activated when at least two 
Fc domains bind to C1q simultaneously. The reason for 
using IgG1 is its potential for complement fixation. By 
conjugation of the tumor-targeting domain with the 
human IgG1 Fc effector domain and interaction with FC 
receptors like CD16a, NK cell can be activated and has 
a cytotoxicity effect by a mechanism named antibody-
dependent cellular cytotoxicity (ADCC) [201]. Two kinds 
of targeting domains were studied in a severe combined 
immunodeficient (SCID) murine model of human mela-
noma and prostatic cancer. Intratumoral injections of 
the adenoviral vector encoding the mfVII/human Fc icon 
into the skin tumor, led to the synthesis of the icon by 
tumor cell. When the icon binds to TF expressed on cel-
lular membrane of endothelial cells that line the tumor 
vasculature lumen and also to human TF expressed on 
cellular membrane of tumor cells, it can activate the 
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complement system and NK cells against them [202]. 
Two targeting domains are the human single-chain Fv 
molecule and factor VII (fVII). The former interacts with 
a proteoglycan named chondroitin sulfate that is mostly 
expressed on the cellular membrane of human melanoma 
cells. The latter is a zymogen that is capable of high-affin-
ity interaction with TF to trigger the blood coagulation 
cascade. Several kinds of tumor cells and also endothelial 
cells that line the tumor vasculature express TF, whereas 
the normal vasculature does not. In the study, due to the 
interaction of an fVII immunoconjugate to TF that may 
lead to dispersed intravascular clotting, the fVII active 
site mutation was done to hinder clotting without having 
an effect on the affinity for TF. The results indicated the 
inhibition of growth and relapse of an established human 
tumor model. This approach showed the capability of 
efficiency for a wide range of solid tumors treatment 
[201–205, 229]. A noticeable point is the importance 
of NK cells in this treatment, and studies showed that 
impaired NK activity or level could lead to resistance to 
immunotherapy by antibodies [201].

PARs antagonist
Protease-activated receptors (PARs) are specific GPCRs, 
large superfamily members which trigger cellular signal-
ing as a response to extracellular proteases. Four mem-
bers of the PAR family have been identified. PAR1 is 
the main thrombin receptor that acts as an encouraging 
target to affect cancer progression, metastasis, and angi-
ogenesis in many cancers, including colon, breast, pros-
tate, melanoma, and ovarian cancer [230–233]. Besides, 
PAR1 is the only one that was significantly expressed in 
the cell lines of lung cancer [207]. When PAR1 is cleaved 
by thrombin, it is activated. The cleavage occurs between 
the N-terminal extracellular domain residues R41 and 
S42 of the receptor. [234]. Various proteases can acti-
vate PAR1 coupled with Gα-subunits. All three hetero-
trimeric Gα-subunits can be activated simultaneously by 
thrombin [235]. Cell-penetrating pepducins inhibitors 
are specific for the first (i1) and third (i3) intracellular 
PAR1 loops. The PAR1 pepducins exhibited meaning-
ful cell migration hindrance in lung cancer cell lines, the 
same as PAR1 expression silencing with short hairpin 
RNA (shRNA). The i3 loop pepducins but not i1, were 
profound inhibitors of PAR1-mediated ERK activation 
and also tumor cell proliferation [207]. PAR2 is a trypsin/
tryptase receptor that is highly expressed in cancer cells 
[207, 236, 237]. A study identifies imidazopyridazine 
compound I-191, as an antagonist for PAR2 activation. 
Interaction of I-191 with PAR2 cause a noncompetitive 
modulation and acts as a negative allosteric modulator of 
the agonist 2f-LIGRL-NH2. Therefore, Various intracel-
lular signal transduction pathways followed by PAR2 are 

effectively debilitated. Inhibition of PAR2 activation by 
I-191, cause a remarkable inhibition in all PAR2-depend-
ent intracellular signal transduction pathways such as 
 Ca2+ release, phosphorylation of extracellular signal-
regulated kinase 1/2 (ERK1/2), Ras homolog gene family, 
RhoA activation, and forskolin-induced cAMP accumu-
lation. Also, I-191 significantly hindered PAR2-mediated 
downstream functional responses, such as inflammatory 
cytokines expression and secretion, cellular apoptosis, 
and migration in MDA-MB-231 cell line (human breast 
adenocarcinoma) and HT29 cell line (human colon ade-
nocarcinoma) [208].

TF ligand inhibitor
Cancer cells expressing TF, platelets activation, and inter-
action between platelet and leukocyte paves the way for 
cancer cell survival in the blood and metastasis, Whereas 
TF-FVIIa interaction activates PAR2, which improves 
cancer progression without the dependency on the intra-
vascular blood coagulation cascade. Tumor-associated 
macrophages (TAM) and monocytes produce the FVII 
and FX, which can activate PAR2. FXa-PAR2 signaling 
hampers anti-cancer immune response in the TME and 
leads to immune evasion. Rivaroxaban; is a small mol-
ecule that inhibits coagulation factor X (FX) activation 
and enhances anti-cancer immune response by increas-
ing infiltration of dendritic cells and cytotoxic T cells at 
the tumor region. It targets PAR2 signal transduction 
specifically to reprogram TAM [209]. The other stud used 
rivaroxaban as an inhibitor of Factor Xa in both BxPc-3 
and MIA PaCa-2. Results showcased high TF expres-
sion in BxPc-3 while no TF expression in MIA PaCa-2 is 
reported. As a result, the growth of TF-positive BxPc-3 
tumors can be reduced by rivaroxaban but not by TF-
negative MIA PaCa-2 tumors in nude mice. Also rivar-
oxaban has no effect in the proliferation of both breast 
cell lines [210].

PCI-27483 is a small molecule that inhibits the TF: 
FVIIa-complex and signaling downstream of PAR2, 
including MAPKs and Akt phosphorylation, c-fos induc-
tion, vascular endothelial growth factor (VEGF), and IL8 
secretion as an autocrine growth factor known to induces 
chemotaxis and invasion in BxPC3 cell line (pancreatic 
adenocarcinoma). Besides, a significant dose-dependent 
tumor growth inhibition (in vivo) in mice implanted with 
BxPC3 cells is reported [211]. In the phase II clinical trial 
study, a combination of PCI-27483 with Gemcitabine 
was well tolerated, but it was insignificant in contrast to 
Gemcitabine [238].

rNAPc2 inhibitor
Recombinant nematode anticoagulant protein c2 
(rNAPc2) is a small molecule that hampers TF/FVIIa 
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complex and has antithrombotic effects [239]. It 
impedes complex enzymatic initiation in the blood 
clot cascade [240, 241]. A direct positive correlation 
between TF expression and vascular density and vas-
cular endothelial growth factor (VEGF) expression is 
identified [242]. When rNAPc2 is used simultaneously 
beside 5-fluorouracil as a cytotoxic agent or bevaci-
zumab (a humanized anti-VEGF monoclonal antibody) 
in mice with xenografted, disseminated, or sponta-
neous colorectal cancer cells, it inhibits primary and 
metastatic tumors growth [239]. rNAPc2 hampers both 
primary and metastatic tumor growth and is also an 
efficient angiogenesis inhibitor in mice [212]. A clini-
cal trial study used combination therapy of rNAPc2 
beside aspirin, clopidogrel, and unfractionated hepa-
rin and indicated that dose-dependent Impediment of 
the TF/FVIIa complex formation is safe and a profound 
approach to prohibit thrombin production through 
coronary angioplasty [243]. The higher dose of rNAPc2 
inhibited prothrombin fragment F1.2 generation and 
also decreased ischemia by more than 50% in compari-
son with the placebo and rNAPc2 lower dose [244].

CAR cell‑mediated immunotherapy
Chimeric antigen receptor (CAR) is a novel geneti-
cally modified super receptor that is expressed on T 
and NK cells and can bind specifically to cancer cell 
antigens. Therefore, CAR-T and CAR-NK cells are 
known as promising immunotherapeutic approaches 
for cancer treatment [27, 213, 245, 246]. Clinical trial 
studies have illustrated that CAR-T cell transferring to 
patients suffering from cancer provides a novel strat-
egy to transport specific antigen-targeted cancer treat-
ment [247, 248]. Zhang and colleagues designed a new 
third-generation CAR that targets TF (TF-CAR T). In 
their study, mouse FVII (mlFVII) is selected as the TF-
CAR target-binding domain. To determine the capabil-
ity of TF-CAR T cells, in vitro and in vivo studies were 
carried out. The former indicated a strong cytotoxic 
potential of TF-CAR T cells against TF-positive cancer 
cells, and also, the latter showcased a significant sup-
pression of s.c. xenograft growth and lung metastasis 
models [213, 249]. Additionally, CAR-NK cells were 
evaluated in triple-negative breast cancer (TNBC). The 
absence of a targetable surface molecule has made it 
an incurable cancer. In a study, TF-CAR-NK cells co-
expressing CD16 (FcγRIII) were designed to mediate 
antibody-dependent cellular cytotoxicity (ADCC). The 
study developed a second-generation TF-targeting anti-
body-like immunoconjugate (named L-ICON). In pre-
clinical evaluation, a comparison of both TF-CAR-NK 
cells (single-agent therapy) and TF-CAR-NK cells with 

L-ICON (combination therapy) was conducted. As a 
result, TF-CAR-NK cells were capable of killing TNBC 
cells, and as the combination therapy, its effectiveness 
was boosted with L-ICON ADCC in vitro. Additionally, 
TF-CAR-NK cells were successful in treating TNBC 
in vivo using patient’s tumor and cell line-derived xeno-
graft mice models [27, 250–258].

Anticoagulant
Long-term consumption of vitamin K antagonists like 
warfarin can reduce the incidence of cancers. In a study 
that supports the hypothesis that anticoagulation may 
affect protectively cancer development, vitamin K 
antagonist-exposed patients were lower likely to develop 
prostate cancer in comparison with the control group 
[259]. Besides, the risk of patients suffering from cancer 
recently after the first episode of venous thromboembo-
lism appears to be minor among patients treated with 
oral anticoagulants like warfarin for a six months period 
[260]. As a molecular mechanism of action for warfarin, a 
study reported that hindering Gas6-dependent Axl acti-
vation with warfarin inhibits the development, spread, 
migration, invasiveness, and proliferation of pancreatic 
cancer. However, it enhances apoptosis and susceptibility 
to chemotherapy [214].

Antibody‑mediated imaging
Positron emission tomography (PET) imaging of TF is a 
profound diagnostic technique applicable for tumor stag-
ing in a wide variety of malignancies [216]. ALT-836, a 
recombinant IgG4κ chimeric antibody that blocks the 
factor X/factor IX (FX/FIX) binding site of TF, showed 
extreme efficiency at preventing thrombin generation. In 
a chimpanzee arterial thrombosis model caused by sur-
gical endarterectomy, it reduced acute vascular throm-
bosis with no discernible differences in surgical blood 
loss and template-bleeding time in the treated group 
compared to control animals [215]. In the phase I clini-
cal trial study, it was demonstrated that in patients with 
ALI/ARDS caused by sepsis, dose-dependent ALT-836 
could be safely administered without having an anti-
ALT-836 antibody response and major bleeding peri-
ods. The most common side effects were anemia [261]. 
NOTA-ALT-836, a 64Cu (radiolabeled) conjugate of 
ALT-836 and 2-S-(4-isothiocyanatobenzyl)-1, 4, 7-triaza-
cyclononane-1, 4, 7-triacetic acid (p-SCN-Bn-NOTA), 
is utilized for immuno-PET imaging [216, 262]. In  vivo 
PET imaging of mice with pancreatic cancers revealed 
more 64Cu-NOTA-ALT-836 uptake in BXPC-3 tumors 
(high TF expression) than in PANC-1 and ASPC-1 
tumors (lower TF expression) [216]. Besides, it delim-
its both subcutaneous and orthotopic anaplastic thyroid 
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cancer (ATC) with high levels of tumor uptake [217]. A 
near-infrared fluorescent imaging probe (IRDye 800CW-
ALT-836) paves the way for the entire resection of ortho-
topic ATCs and 131I-ALT-836 as a therapeutic conjugate 
for radioimmunotherapy (RIT), enhances the survival 
rate of ATC-bearing mice [217].

Long-lasting 89Zr-Df-ALT-836 PET scans revealed 
a long-term and prominent uptake in BXPC-3 tumors 
while pre-injection of mice with a blocking dose of unla-
beled ALT-836. It indicates the excellent affinity and 
TF-specificity of this radiolabeled PET-tracer [219]. 
Several-fold greater tumor uptake of (64) Cu-NOTA-
ALT-836-Fab compared to the blocking group and tumor 
models that failed to significantly express TF was seen in 
a serial PET imaging study of the MDA-MB-231 TNBC 
model [218]. Dual-targeted imaging agents have indi-
cated enhanced targeting effectiveness rather than single-
targeted entities. A heterodimer from the Fab′ fragments 
of TRC105  (IgG1κ monoclonal antibody targeting CD105) 
and ALT-836  (IgG4 monoclonal antibody targeting TF) 
is designed. Heterodimer was radiolabeled with 64Cu 
before being injected into mice models of pancreatic can-
cer. PET scans using 64Cu-NOTA In contrast to Fab frag-
ment homodimer, heterodimer-ZW800 in BxPC-3 tumor 
xenografts showed considerably higher tumor uptake 
[220]. A specific and non-invasive PET tracer called 
18F-FVIIai uses active site-inhibited factor VIIa that 
has been radiolabeled with 18F. Four hours after injec-
tion, TF-expressed tumors showed significant uptake of 
18F-FVIIai, and there is a link between this uptake and 
TF expression as evaluated ex  vivo in tumor homogen-
ates [221]. Comparing 1849-Fab-AF647 to 1849-whole 
IgG-AF647, the former demonstrated rapid dissociation 
from TF, tumor accumulation, tumor penetration, and 
also rapid body clearance. Thus this is an appropriate 
diagnostic tool [263].

Re‑targeted TF‑based therapies
Occluding tumor blood supply is an appealing approach 
for treating tumors [264]. Vascular targeting therapy 
includes two strategies currently: inhibition of new ves-
sel formation by antiangiogenic agents and elimination 
of existing tumor vasculature. The last one leads to the 
obstruction of pre-existing tumor blood vessels [265–
268]. Targeted delivery of the extracellular domain of 
TF (truncated TF, so-called tTF) as a protein capable of 
coagulation induction to tumor vessels has been exten-
sively investigated to achieve this goal. Free tTF is soluble 
and disabled to activate the blood coagulation pathway; 
however, its ability to induce clot is regained when local-
ized close to a phospholipid membrane of cells. tTF acti-
vates blood coagulation pathways via activation factor X. 
Blood coagulation pathways (Both intrinsic and extrinsic) 

lead to the activation of clotting factor X. As a result, the 
conversion of prothrombin to thrombin occurs by acti-
vated factor X, which finally accumulates fibrin polymers, 
forms the polymeric fibrin network, and blood clots 
(Table 4).[13, 22–26]

Identifying molecular targets that are highly expressed 
on tumor vascular endothelium and absent from normal 
tissues and organs is one of the basics for tumor vascular 
targeted therapy [288]. Numerous studies have indicated 
that targeting a specific antigen on tumor vessels brings 
about inhibition and retardation of tumor growth. It has 
been reported as a potential and appropriate strategy for 
tumor embolization therapy [271, 280, 285]. Antibodies 
and peptides with affinity against tumor antigens have 
been utilized for specific targeting of tTF to tumor vascu-
lature [272]. Most of the specific ligands are produced by 
cloning systems to allow rapid generation of recombinant 
vascular targeting agents (VTAs) [295]. One promising 
approach is antibody-mediated coagulation induction in 
tumor nodules to cut off their blood supply. This concept 
was first reported in a murine model using neuroblas-
toma cells transfected with the IFN-y gene. Those cells 
released IFN-y, which increased the expression of MHC-
II molecules on tumor endothelial cells. MHC-II are not 
present in normal endothelial cells in mice; however, 
they are expressed in APCs and some epithelial cells, so 
they are potential targets for antibodies that fuse to tTF. 
B21-2/10HlO bispecific antibody targets I-Ad and I-Ed as 
major histocompatibility on the tumor vascular endothe-
lium. Enhanced coagulation was observed in  vitro and 
in vivo. Furthermore, it is indicated that 38% of murine 
models that received B21-2/10HlO-tTF coagulant 
had whole tumor regressions. This event endured four 
months or more [269]. Using cell adhesion molecules for 
targeting tumor vessels has been investigated by several 
studies. Vascular cell adhesion molecule-1 (VCAM-1) is 
expressed by endothelium in Hodgkin’s disease and dif-
ferent cancers like small-cell lung carcinoma. It is not 
present in normal endothelium of mice, except heart and 
lungs. It has been reported that the treatment of murine 
models with different types of cancers by anti-VCAM-1 
led to thrombosis and tumor necrosis in those neoplasm 
regions. In contrast to the former study, complete tumor 
regressions were not observed in Hodgkin’s tumors in 
mice, and in all murine models, tumors regrew from 
persisting tumor cells in VCAM-1-negative areas. Anti-
VCAM-1-tTF was localized in the heart and kidney ves-
sels but did not induce thrombosis after binding to the 
endothelium. The VCAM-1-expressing normal vessels in 
those regions were not thrombosed because they lack PS 
on their luminal surface [270, 271].

Fibronectin is another adhesion molecule that accu-
mulates in neovascular structures in tissues undergoing 
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angiogenesis, such as aggressive tumors. ChTV.1-tTF 
targets fibronectin on vessels, leading to thrombosis 
in small and medium vessels [272]. The extra domain 
B of fibronectin (ED-B) is identical between mice and 
humans; therefore, Nilsson and colleagues showed 
that targeting the ED-B domain by an antibody frag-
ment combined with the tTF led to selectively targeting 
tumor blood vessels in  vivo. They designed ScFv(L19)-
tTF, which displays a highly accumulated neovasculature 
a few hours after injection and led to whole tumor cells 
eradication in 30% of the mice treated in the absence of 
noticeable side effects at the highest doses of administra-
tion in three various kinds of tumors [273, 296].

Using monoclonal antibodies against nuclear-related 
antigens has been investigated. Tumors may contain 
high proportions of degenerating cells with areas of frank 
necrosis. Epstein and colleagues have hypothesized that 
tumors containing dead or degenerating malignant cells 
may be readily distinguished from normal tissues. They 
designed two monoclonal antibodies, TNT-1 and TNT-
2, with specificity against nuclear-related antigens [297]. 
In the subsequent study, TNT-3 and chimeric TNT-3 
(chTNT-3) were designed, illustrating threefold higher 
tumor uptake than TNT-1 [298]. It was observed that 
vessel thrombosis was caused by chTNT.3-tTF occurred 
mainly in larger ones. Blocking of tumor blood sup-
ply, necrosis of tumor cells, and then significant tumor 
growth inhibition was observed in chTNT-3-tTF-treated 
tumor-bearing mice without any obvious dose–response 
effect [272].

A monoclonal antibody attached to factor VIIa was 
designed by Rippmann and colleagues. They produced 
a TFOS4, a single-chain humanized antibody bound to 
fibroblast activation protein (FAP). Activated fibroblasts 
in the tumor stroma especially and extensively express 
this marker. Selectively targeting tumor cells by TFOS4 
could induce plasma coagulation, whereas intravenously 
injection into normal murine models illustrated no sys-
temic coagulation or unfavorable effects [275].

Peptide-mediated targeted tTF may have more merits 
over antibodies, especially larger ones. Low tumor pene-
tration and potential immunogenicity are two significant 
side effects of larger antibodies. Further, reticulohistio-
cytic systems (RHS), such as in bone marrow, liver, and 
spleen, could uptake antibodies that might bring about 
potentially harmful induction of blood clotting in these 
organs [284, 299, 300].

Pasqualini & Ruoslahti showed that peptides could 
localize phages, particularly to the brain and kidney, and 
showed up to 13-fold selectivity for these organs for the 
first time [301]. One appealing synthetic peptide that 
can be recognized by cell surface integrins is Arg-Gly-
Asp tripeptide (RGD). Peptides containing RGD motifs 

originated from matrix proteins like fibronectin, vitron-
ectin, etc. [302]. It has been reported in different studies 
that cyclic RGD could bind to α5β1, αvβ3, and αvβ5 integ-
rins, and cyclic phage peptides have higher affinities for 
the integrin than linear peptides [303–305]. αvβ3 and 
αvβ5 integrins were present in tumor vessels of some 
kinds of cancers and targeted by RGD-tTF. Thrombosis 
caused by RGD-tTF mainly occurred in capillaries and 
small vessels, causing insignificant harm to the tumor 
in  vivo, and did not have inhibitory effects on tumor 
growth. In a subsequent study, Kessler et  al. developed 
tTF-RGD as a fusion protein that consists of tTF and a 
RGD peptide bound to the c-terminal domain of tTF. 
They reported that administration of tTF-RGD brought 
about thrombotic occlusion of tumor vessels and hin-
dered tumor growth in mice in the absence of any unfa-
vorable effects. These apparent antitumor activities of 
tTF-RGD are opposed to the study of Hu and colleagues. 
However, tumor regrowth was reported after termination 
of therapy [272, 276].

VEGFR-2 and neuropilin-1 are highly expressed by 
endothelial and tumor cells [278, 306]. VEGF and sema-
phorins could bind to the neuropilin-1 (Npn-1) as their 
receptor. Semaphorins are a large family that primarily 
act as neuronal mediators [307]. Besides, Npn-1 seems 
to have a critical role in tumor angiogenesis and the 
conversion of benign stromal tissues to malignant ones 
[308–310].

As part of the heparin-binding domain of VEGF, HBDt 
has been shown to engage in a trimolecular complex of 
chondroitin C sulfate proteoglycan, neuropilin-1, and 
VEGF receptor-2. Administration of HBDt that fused 
to tTF brought about thrombosis in tumor vessels, 
decreased tumor size, and almost eradicated them [278]. 
Subsequently, functions of tTF-EG3287 and SP5.2-tTF 
were investigated, respectively targeting neuropilin-1 and 
VEGFR-1. tTF-EG3287 blocked tumor-supplying vessels 
that reduced tumor size, and SP5.2-tTF showed favorable 
antitumor activity during treatment [280, 281].

It has been revealed that shorter TF molecules (TF 
1–214) showed stronger pro-coagulatory activity than the 
complete extracellular domain (TF 1–219) [311]. For more 
investigation, Brand et al. have designed tTF-TAA, tTF-
LTL, and tTF-NGR with various sizes of the tTF-moiety. 
These fusion proteins represent ligands of NG2. NG2 
(also called nerve/glial antigen 2) is a transmembrane 
proteoglycan expressed in numerous different cell types, 
specifically tumor vessel walls or pericytes on the ablu-
minal surface of endothelial cells. In contrast to normal 
vessels, tumor vessels show a permeable endothelium. 
So, it becomes a probable target for the vascular delivery 
of antitumor agents and strategies. Only tTF-LTL, which 
consists of the selected length of the TF sequence, was 
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observed with varied pro-coagulatory activity, but in con-
trast to the former study, this variation was not signifi-
cant. Although they reported vascular obstruction and 
decreased tumor blood supply by utilizing tTF-TAA, it 
showed a small therapeutic window [284, 312].

In addition to NG2, it was revealed that NGR-con-
taining peptides couple to aminopeptidase N (APN; so-
called CD13), αvβ3, and α5β1 [304, 313]. The tTF-NGR 
suppressed tumor development in mice via thrombotic 
blockage of blood flow in tumor vessels, with no major 
adverse effects in other organs at therapeutic doses but 
not in high doses. Also, it was demonstrated suppression 
of tumor perfusion in the clinical first-in-man adminis-
tration of this molecule at low doses [284, 285].

As shown previously, ChTV.1-tTF and ScFv (L19)-tTF 
represent fibronectin ligands, accumulating in tumors 
and inducing intratumoral thrombosis [272, 273]. Then 
Shi and colleagues produced a new fusion protein, tTF-
CREKA [286]. Cys-Arg-Glu-Lys-Ala (CREKA), a phage 
display-identified tumor-homing pentapeptide, identifies 
microthrombus-associated fibrin-fibronectin complexes 
[289, 292]. They observed that tTF-CREKA reduced 
tumor development with more efficacy and at a lower 
dosage than some other fusion proteins. Therefore, it 
seems to be a safe cancer therapeutic approach. After 
systemic treatment, this suppression occurred due to 
intratumoral thrombosis induction [286].

Combination therapy of vascular targeting agents, 
besides other treatment approaches, has been investi-
gated. Liu and colleagues targeted PMSA concurrent with 
the administration of doxorubicin [287]. Prostate epithe-
lial cells can be identified by the PSMA protein. However, 
normal prostate epithelial cells generate a cytosolic ver-
sion of PSMA that is highly expressed by carcinoma of 
the prostate, nearly a 100-fold increase [314, 315]. Tar-
geting PMSA alone resulted in strong and highly selec-
tive tumor microvascular thrombosis. For combination 
therapy, 2  mg/kg of liposomal doxorubicin (Doxil) was 
administered intravenously. This Combination therapy 
was far more effective, greatly increased tumor eradica-
tion, and dramatically extended the period during which 
the patient remained tumor-free. Considering that doxo-
rubicin causes endothelial cells to undergo apoptosis, it 
may boost local thrombotic activity by increasing tumor 
cell antigen exposure to plasma proteins. However, this 
investigation showed that doxorubicin treatment alone 
had no noticeable impact on tumor growth or survival 
[287, 316].

Some new strategies have been investigated to 
enhance the therapeutic efficacy of vascular target-
ing. Using a two-step coagulation approach by uti-
lizing the streptavidin–biotin system was explored 
recently. XU and colleagues carried out a study using 

a streptavidin-conjugated anti-neuropilin-1 monoclo-
nal antibody (mAb-SA) and biotinylated tTF (tTF-B) 
[288]. As previously demonstrated, neuropilin-1 is the 
proper target on the surface of tumor vascular endothe-
lium [278, 306]. First, mAb-SA was diffused into the 
tumor region, followed by the administration of tTF-
B, which effectively interacted with mAb-SA to cause 
tumoral thrombosis. In vitro and in vivo investigations 
have shown that the mAb-SA:tTF-B approach hindered 
tumor development and elevated tumor regression by 
targeting tumor blood vessels selectively and generat-
ing total vascular infarction [288].

One more practical approach is utilizing a nanoparti-
cle delivery system mimicking platelets. These particles 
increase their own homing and amplify their accumu-
lation like platelets. Simberg et al. coupled CREKA as a 
tumor-homing peptide to nanoparticles and liposomes. 
They observed a 20% obstruction rate, but this ves-
sel occlusion degree is insufficient to reduce the tumor 
growth rate. They suggest that optimizing the formulas 
and methods could change the degree of vessel occlusion 
[289, 292].

A fusion protein (tTF-pHLIP) consists of tTF fused to 
a peptide with a low pH-induced transmembrane struc-
ture is another approach for delivering tTF. pHLIP is 
generally water-soluble at physiological pH, but at the 
slightly acidic pH of tumor vasculature, it forms α-helix 
capable of insertion into a lipid bilayer. In preclinical 
studies, systemic injection of tTF-pHLIP selectively trig-
gered thrombotic obstruction of tumor vessels, therefore 
decreasing tumor perfusion and inhibiting tumor devel-
opment without major adverse consequences [264].

Since some peptides and antibodies could medi-
ate selective localization on tumor vessels, some stud-
ies set out to apply them to facilitate cancer detection 
and deliver tumor inhibitor agents, such as anti-cancer 
drugs, nanoparticles, and cytokines, into tumor tissues 
[291–294].

For example, RGD and NGR sequences were coupled 
to doxorubicin as chemotherapeutic agents. This experi-
ment led to favorable antitumor activity during treatment 
and prolongation of survival [291]. Moreover, intrave-
nously administered liposomes coupled to CREKA and 
delivered ticagrelor as a platelet inhibitor led to inhibit 
tumor metastasis without overt side effects [292]. Epstein 
and colleagues generated a monoclonal antibody (TV-1) 
targeting a basement membrane antigen found in all tis-
sues but accessible only in tumor vessels. Administration 
of TV-1 which was bound to IL-2, enhanced the uptake 
of radiolabeled tumor-specific monoclonal antibodies 
[293].

One of the outstanding techniques for high-resolution 
visualization of the anatomic structure of soft tissues 
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like tumors is magnetic resonance imaging (MRI). Early 
detection and accurate diagnostic imaging of high-risk 
breast cancer are crucial in selecting suitable and effective 
strategies and interventional therapeutic agents. There-
fore, Zhou and colleagues bound a pentapeptide CREKA 
to an MRI contrast agent and developed CREKA-Tris 
(Gd-DOTA)3 for molecular visualization with contrast-
enhanced MRI. It was observed that CREKA-Tris (Gd-
DOTA)3 could effectively visualize metastases containing 
micrometastases in aggressive breast cancer [294].

Conclusion and future prospectives
Cancer progression is significantly influenced by TF, 
which has been identified as a potential therapeutic tar-
get. Tissue factor is overexpressed in a wide range of can-
cers, and its expression is correlated with poor patient 
outcomes. Tumor growth, angiogenesis, and metastasis 
can be inhibited by targeting TF, resulting in improved 
patient survival. Agents such as monoclonal antibod-
ies, small molecules, CAR T-cells, and RNA interference 
have been developed to target TF.

One promising area of research in the field of TF-tar-
geted therapy is the use of CAR T-cells that target TF. 
In preclinical models of cancer, CAR T-cells targeting 
TF inhibit tumor growth and extend survival. As well 
as exhibiting potent cytotoxicity against TF-expressing 
tumor cells, these CAR T-cells have also been shown to 
infiltrate solid tumors and promote immune cell infil-
tration. Even though CAR T-cell therapy has shown 
remarkable success in treating certain cancers, it also 
faces significant challenges. Potential toxicity is one of 
the major limitations, particularly cytokine release syn-
drome and neurotoxicity. Moreover, CAR T-cell therapy 
is expensive and complex, making it inaccessible to many 
patients. The development of CAR T-cells targeting TF 
remains a promising approach for treating cancer. This 
approach has the potential to revolutionize cancer ther-
apy and improve patient outcomes, but further research 
is needed to optimize CAR T-cell design.

In addition, re-targeted therapies have opened up new 
avenues for treating cancer. Through re-targeted thera-
pies, therapeutic agents are delivered directly to can-
cer cells. In addition to reduced toxicity and improved 
pharmacokinetics, this approach has the advantage of 
targeting multiple antigens simultaneously. In preclini-
cal models of cancer, re-targeted therapies have shown 
promising results when TF-targeting antibodies are cou-
pled with therapeutic agents. It is, however, still difficult 
to translate TF-targeted and re-targeted therapies into 
clinical practice, which remains a significant challenge. 
The delivery of drugs, toxicity, and resistance are all prob-
lems that need to be overcome. The use of these therapies 
for specific patient populations and the optimization of 

treatment regimens require further study. Despite the 
promising results of the new treatment and the FDA 
approval of Seagen and Genmab’s tisotumab vedotin for 
cervical cancer treatment, it is crucial to acknowledge 
that further research is necessary to comprehensively 
grasp TF targeted and re-targeted advantages and limita-
tions [317]. As we learn more about the role of TF in can-
cer, new therapeutic approaches may emerge that target 
it more effectively. A TF-targeted and re-targeted therapy 
may ultimately lead to a cure for cancer with continued 
research and development.

Acknowledgements
The authors wish to thank the Department of Hematology and Blood Banking 
at the Iran University of Medical Science for supporting this study. Also, we 
would like to thank the Parscoders Team for generating the figures and Word-
tune.com for their great English editing app.

Authors’ contributions
Majid Safa: Conceptualization, Reviewing and Editing. Seyed Esmaeil Ahmadi: 
Conceptualization, Writing- Original draft preparation, Visualization: Investiga-
tion, Software. Ashkan Shabannezhad: Writing- Original draft preparation, 
Investigation, Visualization. Amir Kahrizi: Writing- Original draft preparation, 
Software. Armin Akbar: Writing- Original draft preparation, Visualization. Seyed 
Mehrab Safdari: Writing- Original draft preparation, Investigation. Taraneh 
Hoseinnezhad: Writing- Original draft preparation, Visualization. Mohammad 
Zahedi: Writing- Original draft preparation, Investigation. Soroush Sadeghi: 
Writing- Original draft preparation, Investigation. Mahsa Golizadeh Mojarrad: 
Writing- Original draft preparation. The author(s) read and approved the final 
manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This article does not contain any studies with human participants or animals 
performed by any of the authors.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 30 March 2023   Accepted: 19 May 2023

References
 1. Eisenreich A, Bolbrinker J, Leppert U. Tissue factor: a conventional or 

alternative target in cancer therapy. Clin Chem. 2016;62(4):563–70.
 2. Leppert U, Eisenreich A. The role of tissue factor isoforms in cancer biol-

ogy. Int J Cancer. 2015;137(3):497–503.
 3. Goldin-Lang P, et al. Tissue factor expression pattern in human non-

small cell lung cancer tissues indicate increased blood thrombogenicity 
and tumor metastasis. Oncol Rep. 2008;20(1):123–8.

 4. Eisenreich A. Regulation of vascular function on posttranscriptional 
level. Thrombosis. 2013;2013:948765.



Page 33 of 39Ahmadi et al. Biomarker Research           (2023) 11:60  

 5. Boltzen U, et al. Alternatively spliced tissue factor and full-length tissue 
factor protect cardiomyocytes against TNF-α-induced apoptosis. J Mol 
Cell Cardiol. 2012;52(5):1056–65.

 6. Eisenreich A, et al. Cdc2-like kinases and DNA topoisomerase I regulate 
alternative splicing of tissue factor in human endothelial cells. Circ Res. 
2009;104(5):589–99.

 7. Eisenreich A, et al. Regulation of pro-angiogenic tissue factor 
expression in hypoxia-induced human lung cancer cells. Oncol Rep. 
2013;30(1):462–70.

 8. Ruf W. Tissue factor and cancer. Thromb Res. 2012;130:S84–7.
 9. Eisenreich A, Rauch U. Regulation and differential role of the tissue 

factor isoforms in cardiovascular biology. Trends Cardiovasc Med. 
2010;20(6):199–203.

 10. Catar R, et al. Autoantibodies targeting AT1-and ETA-receptors link 
endothelial proliferation and coagulation via Ets-1 transcription factor. 
Int J Mol Sci. 2022;23(1):244.

 11. Eisenreich A, et al. Upregulation of tissue factor expression and throm-
bogenic activity in human aortic smooth muscle cells by irradiation, 
rapamycin and paclitaxel. Int Immunopharmacol. 2008;8(2):307–11.

 12. Dorgalaleh A, et al. Molecular basis of rare congenital bleeding disor-
ders. Blood Rev. 2023;59:101029.

 13. Butenas S, Orfeo T, Mann KG. Tissue factor in coagulation: which? 
where? when? Arterioscler Thromb Vasc Biol. 2009;29(12):1989–96.

 14. Mast AE, Ruf W. Regulation of coagulation by tissue factor pathway 
inhibitor: Implications for hemophilia therapy. J Thromb Haemost. 
2022;20(6):1290–300.

 15. Li H, et al. Tissue factor: a neglected role in cancer biology. J Thromb 
Thrombolysis. 2022;54(1):97–108.

 16. Hisada Y, Mackman N. Tissue factor and cancer: regulation, tumor 
growth, and metastasis. Semin Thromb Hemost. 2019;45(04):385–95.

 17. Eble JA, Niland S. The extracellular matrix in tumor progression and 
metastasis. Clin Exp Metas. 2019;36(3):171–98.

 18. Wei Y, et al. Pyroptosis-induced inflammation and tissue damage. J Mol 
Biol. 2022;434(4):167301.

 19. Huppert LA, et al. Tissue-specific Tregs in cancer metastasis: opportuni-
ties for precision immunotherapy. Cell Mol Immunol. 2022;19(1):33–45.

 20. Unruh D, Horbinski C. Beyond thrombosis: the impact of tissue factor 
signaling in cancer. J Hematol Oncol. 2020;13(1):1–14.

 21. Berdel AF, et al. Targeting tissue factor to tumor vasculature to induce 
tumor infarction. Cancers. 2021;13(11):2841.

 22. Banner DW, et al. The crystal structure of the complex of blood coagu-
lation factor VIIa with soluble tissue factor. Nature. 1996;380(6569):41–6.

 23. Dorfleutner A, Ruf W. Regulation of tissue factor cytoplasmic domain 
phosphorylation by palmitoylation. Blood. 2003;102(12):3998–4005.

 24. Huang X, et al. A soluble tissue factor-annexin V chimeric pro-
tein has both procoagulant and anticoagulant properties. Blood. 
2006;107(3):980–6.

 25. Furie B, Furie BC. The molecular basis of blood coagulation. Cell. 
1988;53(4):505–18.

 26. Persigehl T, et al. Non-invasive monitoring of tumor-vessel infarction by 
retargeted truncated tissue factor tTF-NGR using multi-modal imaging. 
Angiogenesis. 2014;17(1):235–46.

 27. Hu Z. Tissue factor as a new target for CAR-NK cell immunotherapy of 
triple-negative breast cancer. Sci Rep. 2020;10(1):2815.

 28. Hjortoe GM, et al. Tissue factor-factor VIIa–specific up-regulation of IL-8 
expression in MDA-MB-231 cells is mediated by PAR-2 and results in 
increased cell migration. Blood. 2004;103(8):3029–37.

 29. Jiang X, et al. Formation of tissue factor–factor VIIa–factor Xa complex 
promotes cellular signaling and migration of human breast cancer cells. 
J Thromb Haemost. 2004;2(1):93–101.

 30. Rao LVM, Pendurthi UR. Tissue factor–factor VIIa signaling. Arterioscler 
Thromb Vasc Biol. 2005;25(1):47–56.

 31. Unruh D, et al. Methylation-dependent tissue factor suppression 
contributes to the reduced malignancy of IDH1-mutant gliomas-
tissue factor in IDH1mut and IDH1wt Gliomas. Clin Cancer Res. 
2019;25(2):747–59.

 32. Mackman N. Alternatively spliced tissue factor–one cut too many? 
Thromb Haemost. 2007;97(01):5–8.

 33. Peppelenbosch MP, Versteeg HH. Cell biology of tissue factor, an unu-
sual member of the cytokine receptor family. Trends Cardiovasc Med. 
2001;11(8):335–9.

 34. Carmeliet P, et al. Role of tissue factor in embryonic blood vessel devel-
opment. Nature. 1996;383(6595):73–5.

 35. Drake TA, Morrissey J, Edgington T. Selective cellular expression of tissue 
factor in human tissues. Implications for disorders of hemostasis and 
thrombosis. Am J Pathol. 1989;134(5):1087.

 36. Chen J, et al. Tissue factor–a receptor involved in the control of 
cellular properties, including angiogenesis. Thromb Haemost. 
2001;86(07):334–45.

 37. Chand HS, Ness SA, Kisiel W. Identification of a novel human tissue 
factor splice variant that is upregulated in tumor cells. Int J Cancer. 
2006;118(7):1713–20.

 38. Versteeg HH,  Ruf W. Emerging insights in tissue factor-dependent sign-
aling events. In. Seminars in thrombosis and hemostasis. Copyright© 
2006 by Thieme Medical Publishers, Inc., 333 Seventh Avenue, New; 
2006.

 39. Peppelenbosch MP, Versteeg HH, Spek AC. In silico tissue factor analysis: 
a bit-to-bit comparison. Thromb Haemost. 2003;89(03):592–3.

 40. van den Berg YW, et al. Alternatively spliced tissue factor induces 
angiogenesis through integrin ligation. Proc Natl Acad Sci. 
2009;106(46):19497–502.

 41. Wu M, et al. Prognostic values of tissue factor and its alternatively 
splice transcripts in human gastric cancer tissues. Oncotarget. 
2017;8(32):53137.

 42. Bajaj MS, et al. Structure and biology of tissue factor pathway inhibitor. 
Thromb Haemost. 2001;86(10):959–72.

 43. Song HB, et al. Tissue factor regulates tumor angiogenesis of retinoblas-
toma via the extracellular signal-regulated kinase pathway. Oncol Rep. 
2012;28(6):2057–62.

 44. Ruf W, et al. Tissue factor and cell signalling in cancer progression and 
thrombosis. J Thromb Haemost. 2011;9:306–15.

 45. Versteeg HH, et al. Inhibition of tissue factor signaling suppresses tumor 
growth. Blood J Am Soc Hematol. 2008;111(1):190–9.

 46. Kocatürk B, Versteeg H. Tissue factor-integrin interactions in cancer and 
thrombosis: every J ack has his J ill. J Thromb Haemost. 2013;11:285–93.

 47. Zhang J-Q, et al. The FVIIa-tissue factor complex induces the expression 
of MMP7 in LOVO cells in vitro. Int J Colorectal Dis. 2008;23(10):971–8.

 48. Smith NL, et al. Genetic variation in F3 (tissue factor) and the risk of 
incident venous thrombosis: meta-analysis of eight studies. J Thromb 
Haemost. 2012;10(4):719–22.

 49. Grover SP, Mackman N. Description of the first mutation in the human 
tissue factor gene associated with a bleeding tendency. J Thromb 
Haemost. 2021;1:3–6.

 50. Versteeg HH, et al. Factor VIIa/tissue factor-induced signaling via activa-
tion of Src-like kinases, phosphatidylinositol 3-kinase, and Rac. J Biol 
Chem. 2000;275(37):28750–6.

 51. Fang J, et al. Tissue factor/FVIIa activates Bcl-2 and prevents dox-
orubicin-induced apoptosis in neuroblastoma cells. BMC Cancer. 
2008;8(1):1–11.

 52. Riewald M, Ruf W. Orchestration of coagulation protease signaling by 
tissue factor. Trends Cardiovasc Med. 2002;12(4):149–54.

 53. Pendurthi UR, Alok D, Rao LVM. Binding of factor VIIa to tissue 
factor induces alterations in gene expression in human fibroblast 
cells: up-regulation of poly (A) polymerase. Proc Natl Acad Sci. 
1997;94(23):12598–603.

 54. Eriksson O, et al. The Eph tyrosine kinase receptors EphB2 and EphA2 
are novel proteolytic substrates of tissue factor/coagulation factor VIIa. J 
Biol Chem. 2014;289(47):32379–91.

 55. Heuberger DM, Schuepbach RA. Protease-activated receptors (PARs): 
mechanisms of action and potential therapeutic modulators in PAR-
driven inflammatory diseases. Thromb J. 2019;17(1):1–24.

 56. Schaffner F, Ruf W. Tissue factor and PAR2 signaling in the tumor micro-
environment. Arterioscler Thromb Vasc Biol. 2009;29(12):1999–2004.

 57. Rothmeier AS, et al. Identification of the integrin-binding site on coagu-
lation factor VIIa required for proangiogenic PAR2 signaling. Blood J Am 
Soc Hematol. 2018;131(6):674–85.

 58. Rothmeier AS, et al. Tissue factor prothrombotic activity is regu-
lated by integrin-arf6 trafficking. Arterioscler Thromb Vasc Biol. 
2017;37(7):1323–31.

 59. Unruh D, et al. Antibody-based targeting of alternatively spliced tissue 
factor: a new approach to impede the primary growth and spread of 
pancreatic ductal adenocarcinoma. Oncotarget. 2016;7(18):25264–75.



Page 34 of 39Ahmadi et al. Biomarker Research           (2023) 11:60 

 60. Kocatürk B, et al. Alternatively spliced tissue factor promotes breast 
cancer growth in a β1 integrin-dependent manner. Proc Natl Acad Sci 
U S A. 2013;110(28):11517–22.

 61. Camerer E, et al. Coagulation factors VIIa and Xa induce cell sign-
aling leading to up-regulation of the egr-1 gene. J Biol Chem. 
1999;274(45):32225–33.

 62. Nitori N, et al. Prognostic significance of tissue factor in pancreatic 
ductal adenocarcinoma. Clin Cancer Res. 2005;11(7):2531–9.

 63. Schaffner F, et al. Cooperation of tissue factor cytoplasmic domain and 
PAR2 signaling in breast cancer development. Blood J Am Soc Hematol. 
2010;116(26):6106–13.

 64. Patry G, et al. Tissue factor expression correlates with disease-specific 
survival in patients with node-negative muscle-invasive bladder cancer. 
Int J Cancer. 2008;122(7):1592–7.

 65. Zhao X, et al. Expression of tissue factor in human cervical carcinoma 
tissue. Exp Ther Med. 2018;16(5):4075–81.

 66. Ott I, et al. Tissue factor cytoplasmic domain stimulates migration by 
activation of the GTPase Rac1 and the mitogen-activated protein kinase 
p38. Circulation. 2005;111(3):349–55.

 67. Vrana JA, et al. Expression of tissue factor in tumor stroma correlates 
with progression to invasive human breast cancer: paracrine regulation 
by carcinoma cellderived members of the transforming growth factor β 
family. Can Res. 1996;56(21):5063–70.

 68. Stämpfli SF, et al. Tissue factor expression does not predict mortality in 
breast cancer patients. Anticancer Res. 2017;37(6):3259–64.

 69. Akashi T, et al. Tissue factor expression and prognosis in patients with 
metastatic prostate cancer. Urology. 2003;62(6):1078–82.

 70. Che SP, Park JY, Stokol T. Tissue factor-expressing tumor-derived 
extracellular vesicles activate quiescent endothelial cells via protease-
activated receptor-1. Front Oncol. 2017;7:261.

 71. Müller M, et al. Localization of tissue factor in actin-filament-rich mem-
brane areas of epithelial cells. Exp Cell Res. 1999;248(1):136–47.

 72. Ueno T, et al. Tissue factor expression in breast cancer tissues: its 
correlation with prognosis and plasma concentration. Br J Cancer. 
2000;83(2):164–70.

 73. Regina S, et al. Increased tissue factor expression is associated with 
reduced survival in non–small cell lung cancer and with mutations of 
TP53 and PTEN. Clin Chem. 2009;55(10):1834–42.

 74. Tardos J, et al. SR proteins ASF/SF2 and SRp55 participate in tissue 
factor biosynthesis in human monocytic cells. J Thromb Haemost. 
2008;6(5):877–84.

 75. Eisenreich A, et al. Role of the phosphatidylinositol 3-kinase/protein 
kinase B pathway in regulating alternative splicing of tissue factor 
mRNA in human endothelial cells. Circ J. 2009;73(9):1746–52.

 76. Yu G, et al. MicroRNA-19a targets tissue factor to inhibit colon cancer 
cells migration and invasion. Mol Cell Biochem. 2013;380:239–47.

 77. Ott I, et al. A role for tissue factor in cell adhesion and migration 
mediated by interaction with actin-binding protein 280. J Cell Biol. 
1998;140(5):1241–53.

 78. Mueller BM, et al. Expression of tissue factor by melanoma cells 
promotes efficient hematogenous metastasis. Proc Natl Acad Sci. 
1992;89(24):11832–6.

 79. Fidler IJ. Critical factors in the biology of human cancer metasta-
sis: twenty-eighth GHA Clowes memorial award lecture. Can Res. 
1990;50(19):6130–8.

 80. Zacharski LR, et al. Rationale and experimental design for the VA coop-
erative study of anticoagulation (warfarin) in the treatment of cancer. 
Cancer. 1979;44(2):732–41.

 81. Lopez-Pedrera C, et al. Tissue factor as an effector of angiogenesis 
and tumor progression in hematological malignancies. Leukemia. 
2006;20(8):1331–40.

 82. Gil-Bernabé AM, et al. Recruitment of monocytes/macrophages by tis-
sue factor-mediated coagulation is essential for metastatic cell survival 
and premetastatic niche establishment in mice. Blood J Am Soc Hema-
tol. 2012;119(13):3164–75.

 83. Ngo CV, et al. CNTO 859, a humanized anti-tissue factor monoclonal 
antibody, is a potent inhibitor of breast cancer metastasis and tumor 
growth in xenograft models. Int J Cancer. 2007;120(6):1261–7.

 84. Bezuhly M, et al. Role of activated protein C and its recep-
tor in inhibition of tumor metastasis. Blood J Am Soc Hematol. 
2009;113(14):3371–4.

 85. Van Sluis GL, et al. Endogenous activated protein C limits cancer cell 
extravasation through sphingosine-1-phosphate receptor 1–mediated 
vascular endothelial barrier enhancement. Blood J Am Soc Hematol. 
2009;114(9):1968–73.

 86. Brüggemann LW, et al. Experimental melanoma metastasis in lungs 
of mice with congenital coagulation disorders. J Cell Mol Med. 
2008;12(6b):2622–7.

 87. Jain S, et al. Platelet glycoprotein Ibα supports experimental lung 
metastasis. Proc Natl Acad Sci. 2007;104(21):9024–8.

 88. Wang Y, et al. Leukocyte engagement of platelet glycoprotein Ibα via 
the integrin Mac-1 is critical for the biological response to vascular 
injury. Circulation. 2005;112(19):2993–3000.

 89. Yokota N, et al. Contributions of thrombin targets to tissue factor-
dependent metastasis in hyperthrombotic mice. J Thromb Haemost. 
2014;12(1):71–81.

 90. Yu JL, et al. Oncogenic events regulate tissue factor expression in 
colorectal cancer cells: implications for tumor progression and angio-
genesis. Blood. 2005;105(4):1734–41.

 91. Ahamed J, Ruf W. Protease-activated receptor 2-dependent phos-
phorylation of the tissue factor cytoplasmic domain. J Biol Chem. 
2004;279(22):23038–44.

 92. Camerer E, Huang W, Coughlin SR. Tissue factor-and factor X-depend-
ent activation of protease-activated receptor 2 by factor VIIa. Proc 
Natl Acad Sci. 2000;97(10):5255–60.

 93. Riewald M, et al. Gene induction by coagulation factor Xa is medi-
ated by activation of protease-activated receptor 1. Blood J Am Soc 
Hematol. 2001;97(10):3109–16.

 94. Johnson JJ, et al. Protease-activated receptor-2 (PAR-2)-mediated 
NF-κB activation suppresses inflammation-associated tumor sup-
pressor microRNAs in oral squamous cell carcinoma. J Biol Chem. 
2016;291(13):6936–45.

 95. Schlesinger M. Role of platelets and platelet receptors in cancer 
metastasis. J Hematol Oncol. 2018;11(1):125.

 96. Nieswandt B, et al. Lysis of tumor cells by natural killer cells in mice is 
impeded by platelets. Can Res. 1999;59(6):1295–300.

 97. Palumbo JS, et al. Platelets and fibrin (ogen) increase metastatic 
potential by impeding natural killer cell–mediated elimination of 
tumor cells. Blood. 2005;105(1):178–85.

 98. Gorlin JB, et al. Human endothelial actin-binding protein (ABP-
280, nonmuscle filamin): a molecular leaf spring. J Cell Biol. 
1990;111(3):1089–105.

 99. Cunningham CC, et al. Actin-binding protein requirement for cortical 
stability and efficient locomotion. Science. 1992;255(5042):325–7.

 100. Sharma CP, Ezzell RM, Arnaout MA. Direct interaction of filamin 
(ABP-280) with the beta 2-integrin subunit CD18. J Immunol. 
1995;154(7):3461–70.

 101. Abe K, et al. Regulation of vascular endothelial growth factor produc-
tion and angiogenesis by the cytoplasmic tail of tissue factor. Proc 
Natl Acad Sci. 1999;96(15):8663–8.

 102. Das K, et al. The protease activated receptor2 promotes Rab5a 
mediated generation of pro-metastatic microvesicles. Sci Rep. 
2018;8(1):1–15.

 103. Carmeliet P. Angiogenesis in life, disease and medicine. Nature. 
2005;438(7070):932–6.

 104. Brooks PC, Clark RA, Cheresh DA. Requirement of vascular integrin 
αvβ3 for angiogenesis. Science. 1994;264(5158):569–71.

 105. Bloch W, et al. β1 integrin is essential for teratoma growth and angio-
genesis. J Cell Biol. 1997;139(1):265–78.

 106. Carmeliet P, Jain RK. Angiogenesis in cancer and other diseases. 
Nature. 2000;407(6801):249–57.

 107. Folkman J. Tumor angiogenesis: therapeutic implications. N Engl J 
Med. 1971;285(21):1182–6.

 108. Hobbs JE, et al. Alternatively spliced human tissue factor promotes 
tumor growth and angiogenesis in a pancreatic cancer tumor model. 
Thromb Res. 2007;120:S13–21.

 109. Eisenreich A, et al. Overexpression of alternatively spliced tissue fac-
tor induces the pro-angiogenic properties of murine cardiomyocytic 
HL-1 cells. Circ J. 2011;75(5):1235–42.

 110. Rickles FR, Shoji M, Abe K. The role of the hemostatic system in tumor 
growth, metastasis, and angiogenesis: tissue factor is a bifunctional 



Page 35 of 39Ahmadi et al. Biomarker Research           (2023) 11:60  

molecule capable of inducing both fibrin deposition and angiogen-
esis in cancer. Int J Hematol. 2001;73(2):145–50.

 111. Tsopanoglou NE, Maragoudakis ME. On the mechanism of thrombin-
induced angiogenesis: potentiation of vascular endothelial growth 
factor activity on endothelial cells by up-regulation of its receptors. J 
Biol Chem. 1999;274(34):23969–76.

 112. Ruf W, et al. Tissue factor residues 157–167 are required for effi-
cient proteolytic activation of factor X and factor VII. J Biol Chem. 
1992;267(31):22206–10.

 113. Ollivier VR, et al. Tissue factor-dependent vascular endothelial growth 
factor production by human fibroblasts in response to activated factor 
VII. Blood J Am Soc Hematol. 1998;91(8):2698–703.

 114. Watanabe Y, et al. Vascular permeability factor/vascular endothelial 
growth factor (VPF/VEGF) delays and induces escape from senes-
cence in human dermal microvascular endothelial cells. Oncogene. 
1997;14(17):2025–32.

 115. Clauss M, et al. The vascular endothelial growth factor receptor Flt-1 
mediates biological activities: implications for a functional role of 
placenta growth factor in monocyte activation and chemotaxis. J Biol 
Chem. 1996;271(30):17629–34.

 116. Gerber H-P, et al. Vascular endothelial growth factor regulates endothe-
lial cell survival through the phosphatidylinositol 3′-kinase/Akt signal 
transduction pathway: requirement for Flk-1/KDR activation. J Biol 
Chem. 1998;273(46):30336–43.

 117. Luttun A, et al. Revascularization of ischemic tissues by PlGF treatment, 
and inhibition of tumor angiogenesis, arthritis and atherosclerosis by 
anti-Flt1. Nat Med. 2002;8(8):831–40.

 118. Ho VC, Fong G-H. Vasculogenesis and angiogenesis in VEGF receptor-1 
deficient mice. In: VEGF Signaling. Springer; 2015. p. 161–76.

 119. Mizukami Y, Kohgo Y, Chung DC. Hypoxia inducible factor-1–
independent pathways in tumor angiogenesis. Clin Cancer Res. 
2007;13(19):5670–4.

 120. Preusser M, et al. Current concepts and management of glioblastoma. 
Ann Neurol. 2011;70(1):9–21.

 121. Brandes A, et al. Incidence and risk of thromboembolism during 
treatment of high-grade gliomas: a prospective study. Eur J Cancer. 
1997;33(10):1592–6.

 122. Sjöblom L, et al. Management and prognostic features of intracerebral 
hemorrhage during anticoagulant therapy: a Swedish multicenter 
study. Stroke. 2001;32(11):2567–74.

 123. Hylek EM, Singer DE. Risk factors for intracranial hemorrhage in outpa-
tients taking warfarin. Ann Intern Med. 1994;120(11):897–902.

 124. Jenkins E, et al. Venous thromboembolism in malignant gliomas. J 
Thromb Haemost. 2010;8(2):221–7.

 125. Thaler J, et al. Intratumoral tissue factor expression and risk of 
venous thromboembolism in brain tumor patients. Thromb Res. 
2013;131(2):162–5.

 126. Guan M, et al. Tissue factor expression and angiogenesis in human 
glioma. Clin Biochem. 2002;35(4):321–5.

 127. Hamada K, et al. Expression of tissue factor correlates with grade of 
malignancy in human glioma. Cancer Interdisciplinary Int J Am Cancer 
Soc. 1996;77(9):1877–83.

 128. Ender F, et al. Tissue factor activity on microvesicles from cancer 
patients. J Cancer Res Clin Oncol. 2020;146(2):467–75.

 129. Owens III AP, Mackman N. Microparticles in hemostasis and thrombosis. 
Circ Res. 2011;108(10):1284–97.

 130. Åberg M, et al. Tissue Factor/FVIIa prevents the extrinsic pathway of 
apoptosis by regulation of the tumor suppressor Death-Associated 
Protein Kinase 1 (DAPK1). Thromb Res. 2011;127(2):141–8.

 131. Sorensen BB, et al. Antiapoptotic effect of coagulation factor VIIa. Blood. 
2003;102(5):1708–15.

 132. Versteeg HH, et al. FVIIa: TF induces cell survival via G12/
G13-dependent Jak/STAT activation and BclXL production. Circ Res. 
2004;94(8):1032–40.

 133. Versteeg HH, et al. Coagulation factors VIIa and Xa inhibit apoptosis and 
anoikis. Oncogene. 2004;23(2):410–7.

 134. Sproul E. Carcinoma and venous thrombosis: the frequency of associa-
tion of carcinoma in the body or tail of the pancreas with multiple 
venous thrombosis. Am J Cancer. 1938;34(4):566–85.

 135. Khorana AA, Fine RL. Pancreatic cancer and thromboembolic disease. 
Lancet Oncol. 2004;5(11):655–63.

 136. Khorana AA, et al. Tissue factor expression, angiogenesis, and thrombo-
sis in pancreatic cancer. Clin Cancer Res. 2007;13(10):2870–5.

 137. Bromberg ME, et al. Role of tissue factor in metastasis: functions of 
the cytoplasmic and extracellular domains of the molecule. Thromb 
Haemost. 1999;82(07):88–92.

 138. Seto SI, et al. Tissue factor expression in human colorectal carcinoma: 
correlation with hepatic metastasis and impact on prognosis. Cancer 
Interdisciplinary Int J Am Cancer Soc. 2000;88(2):295–301.

 139. Kakkar AK, et al. Tissue factor: a new independent prognostic marker in 
breast cancer. In Proc Ann Meet Am Assoc Cancer Res. 1996;37:A1373.

 140. Poon RT-P, et al. Tissue factor expression correlates with tumor angio-
genesis and invasiveness in human hepatocellular carcinoma. Clin 
Cancer Res. 2003;9(14):5339–45.

 141. Hu L, et al. TF/FVIIa/PAR2 promotes cell proliferation and migration via 
PKCα and ERK-dependent c-Jun/AP-1 pathway in colon cancer cell line 
SW620. Tumor Biology. 2013;34(5):2573–81.

 142. Sawada M, et al. Expression of tissue factor in non-small-cell lung 
cancers and its relationship to metastasis. Br J Cancer. 1999;79(3):472–7.

 143. Uno K, et al. Tissue factor expression as a possible determinant of 
thromboembolism in ovarian cancer. Br J Cancer. 2007;96(2):290–5.

 144. Yamashita H, et al. Tissue factor expression is a clinical indicator of lym-
phatic metastasis and poor prognosis in gastric cancer with intestinal 
phenotype. J Surg Oncol. 2007;95(4):324–31.

 145. Abdulkadir SA, et al. Tissue factor expression and angiogenesisin 
human prostate carcinoma. Hum Pathol. 2000;31(4):443–7.

 146. Koomägi R, Volm M. Tissue-factor expression in human non-small-cell 
lung carcinoma measured by immunohistochemistry: correlation 
between tissue factor and angiogenesis. Int J Cancer. 1998;79(1):19–22.

 147. Belting M, Ahamed J, Ruf W. Signaling of the tissue factor coagulation 
pathway in angiogenesis and cancer. Arterioscler Thromb Vasc Biol. 
2005;25(8):1545–50.

 148. Kakkar A, et al. Extrinsic-pathway activation in cancer with high factor 
VIIa and tissue factor. Lancet (London, England). 1995;346(8981):1004–5.

 149. Giesen PL, et al. Blood-borne tissue factor: another view of thrombosis. 
Proc Natl Acad Sci. 1999;96(5):2311–5.

 150. Unruh D, et al. Alternatively spliced tissue factor contributes to tumor 
spread and activation of coagulation in pancreatic ductal adenocarci-
noma. Int J Cancer. 2014;134(1):9–20.

 151. Kakkar A, et al. Tissue factor expression correlates with histological 
grade in human pancreatic cancer. Br J Surg. 1995;82(8):1101–4.

 152. Di Micco P, et al. Alteration of haemostasis in non-metastatic gastric 
cancer. Dig Liver Dis. 2001;33(7):546–50.

 153. Abbasciano V, et al. Usefulness of coagulation markers in staging of 
gastric cancer. Cancer Detect Prev. 1995;19(4):331–6.

 154. Yamashita H, Kitayama J, Nagawa H. Hyperfibrinogenemia is a useful 
predictor for lymphatic metastasis in human gastric cancer. Jpn J Clin 
Oncol. 2005;35(10):595–600.

 155. Nakasaki T, et al. Expression of tissue factor and vascular endothelial 
growth factor is associated with angiogenesis in colorectal cancer. Am J 
Hematol. 2002;69(4):247–54.

 156. Zhang J, et al. Regulation of vascular endothelial growth factor (VEGF) 
production and angiogenesis by tissue Factor (TF) in SGC-7901 gastric 
cancer cells. Cancer Biol Ther. 2005;4(7):769–72.

 157. Kocatürk B, et al. Alternatively spliced tissue factor promotes breast 
cancer growth in a β1 integrin-dependent manner. Proc Natl Acad Sci. 
2013;110(28):11517–22.

 158. Riches DW. The multiple roles of macrophages in wound healing. In: 
The molecular and cellular biology of wound repair. Springer; 1988. p. 
213–39.

 159. Rydén L, et al. Evidence for tissue factor phosphorylation and its cor-
relation with protease-activated receptor expression and the prognosis 
of primary breast cancer. Int J Cancer. 2010;126(10):2330–40.

 160. Versteeg HH, et al. Protease-activated receptor (PAR) 2, but not PAR1, 
signaling promotes the development of mammary adenocarcinoma in 
polyoma middle T mice. Can Res. 2008;68(17):7219–27.

 161. Carter CL, Allen C, Henson DE. Relation of tumor size, lymph node sta-
tus, and survival in 24,740 breast cancer cases. Cancer. 1989;63(1):181–7.

 162. Elston CW, Ellis IO. Pathological prognostic factors in breast cancer. I. 
The value of histological grade in breast cancer: experience from a large 
study with long-term follow-up. Histopathology. 1991;19(5):403–10.



Page 36 of 39Ahmadi et al. Biomarker Research           (2023) 11:60 

 163. Postlethwaite A, et al. Stimulation of the chemotactic migration of 
human fibroblasts by transforming growth factor beta. J Exp Med. 
1987;165(1):251–6.

 164. Rønnov-Jessen L, Petersen O. Induction of alpha-smooth muscle actin 
by transforming growth factor-beta 1 in quiescent human breast gland 
fibroblasts. Implications for myofibroblast generation in breast neopla-
sia. Lab Invest. 1993;68(6):696–707.

 165. Desmoulière A, et al. Transforming growth factor-beta 1 induces 
alpha-smooth muscle actin expression in granulation tissue myofibro-
blasts and in quiescent and growing cultured fibroblasts. J Cell Biol. 
1993;122(1):103–11.

 166. Bromberg ME, et al. Tissue factor promotes melanoma metastasis by 
a pathway independent of blood coagulation. Proc Natl Acad Sci. 
1995;92(18):8205–9.

 167. Lerner SE, et al. Analysis of risk factors for progression in patients with 
pathologically confined prostate cancers after radical retropubic prosta-
tectomy. J Urol. 1996;156(1):137–43.

 168. Catalona WJ, Smith DS. Cancer recurrence and survival rates after ana-
tomic radical retropubic prostatectomy for prostate cancer: intermedi-
ate-term results. J Urol. 1998;160(2 Part 2):2428–34.

 169. Catalona WJ, Smith DS. 5-year tumor recurrence rates after ana-
tomical radical retropubic prostatectomy for prostate cancer. J Urol. 
1994;152(5):1837–42.

 170. Langer F, et al. Plasma tissue factor antigen in localized prostate cancer: 
distribution, clinical significance and correlation with haemostatic 
activation markers. Thromb Haemost. 2007;97(03):464–70.

 171. Regina S, Rollin J, Gruel Y. Tumor expression of alternative spliced tissue 
factor is a prognostic marker in non-small cell lung cancer. Blood. 
2009;114(22):335.

 172. Lind JS, Smit EF. Angiogenesis inhibitors in the treatment of non-
small cell lung cancer. Therapeutic Advances in Medical Oncology. 
2009;1(2):95–107.

 173. Zhang Y, et al. Tissue factor controls the balance of angiogenic and 
antiangiogenic properties of tumor cells in mice. J Clin Investig. 
1994;94(3):1320–7.

 174. Regina S, et al. Tissue factor expression in non-small cell lung cancer: 
relationship with vascular endothelial growth factor expression, micro-
vascular density, and K-ras mutation. J Thorac Oncol. 2008;3(7):689–97.

 175. Poon RT-P, Fan S-T, Wong J. Risk factors, prevention, and management 
of postoperative recurrence after resection of hepatocellular carcinoma. 
Ann Surg. 2000;232(1):10.

 176. Yoshiji H, et al. Vascular endothelial growth factor tightly regulates 
in vivo development of murine hepatocellular carcinoma cells. Hepatol-
ogy. 1998;28(6):1489–96.

 177. Li X, et al. Significance of vascular endothelial growth factor mRNA 
expression in invasion and metastasis of hepatocellular carcinoma. J 
Exp Clin Cancer Res. 1998;17(1):13–7.

 178. Park YN, et al. Increased expression of vascular endothelial growth 
factor and angiogenesis in the early stage of multistep hepatocarcino-
genesis. Arch Pathol Lab Med. 2000;124(7):1061–5.

 179. Befeler AS, Di Bisceglie AM. Hepatocellular carcinoma: diagnosis and 
treatment. Gastroenterology. 2002;122(6):1609–19.

 180. Kang MA, et al. The growth inhibition of hepatoma by gene transfer of 
antisense vascular endothelial growth factor. J Gene Med. 2000;2(4):289.

 181. Francis JL, Amirkhosravi A. Effect of antihemostatic agents on experi-
mental tumor dissemination. in Seminars in thrombosis and hemosta-
sis. Copyright© 2002 by Thieme Medical Publishers, Inc., 333 Seventh 
Avenue, New; 2002.

 182. Amirkhosravi A, et al. Pentoxifylline inhibits hypoxia-induced upregula-
tion of tumor cell tissue factor and vascular endothelial growth factor. 
Thromb Haemost. 1998;80(10):598–602.

 183. Saito T, et al. Anticoagulant effects of retinoic acids on leukemia cells. 
1996.

 184. Otero L, et al. Tissue factor as a novel marker for detection of circulating 
cancer cells. Biomarkers. 2011;16(1):58–64.

 185. de Bono JS, et al. Systematic study of tissue factor expression in solid 
tumors. Cancer Rep. 2023;6(2):e1699.

 186. Unruh D, et al. Mutant IDH1 and thrombosis in gliomas. Acta Neuro-
pathol. 2016;132(6):917–30.

 187. Bledea R, et al. Functional and topographic effects on DNA methylation 
in IDH1/2 mutant cancers. Sci Rep. 2019;9(1):16830.

 188. Kalinina J, et al. Selective Detection of the D-enantiomer of 2-Hydroxy-
glutarate in the CSF of Glioma Patients with Mutated Isocitrate 
DehydrogenaseD-2HG in the CSF of Glioma Patients with Mutated IDH. 
Clin Cancer Res. 2016;22(24):6256–65.

 189. Breij EC, et al. An antibody-drug conjugate that targets tissue factor 
exhibits potent therapeutic activity against a broad range of solid 
tumors. Cancer Res. 2014;74(4):1214–26.

 190. Zhang X, et al. Pathological expression of tissue factor confers promis-
ing antitumor response to a novel therapeutic antibody SC1 in triple 
negative breast cancer and pancreatic adenocarcinoma. Oncotarget. 
2017;8(35):59086–102.

 191. Matsumura Y, et al. Involvement of the kinin-generating cascade in 
enhanced vascular permeability in tumor tissue. Jpn J Cancer Res. 
1988;79(12):1327–34.

 192. Dvorak HF. Vascular permeability factor/vascular endothelial growth 
factor: a critical cytokine in tumor angiogenesis and a potential target 
for diagnosis and therapy. J Clin Oncol. 2002;20(21):4368–80.

 193. Magnus N, et al. The contribution of tumor and host tissue factor 
expression to oncogene-driven gliomagenesis. Biochem Biophys Res 
Commun. 2014;454(2):262–8.

 194. de Bono JS, et al. Tisotumab vedotin in patients with advanced or 
metastatic solid tumours (InnovaTV 201): a first-in-human, multicentre, 
phase 1–2 trial. Lancet Oncol. 2019;20(3):383–93.

 195. Hong DS, et al. Tisotumab vedotin in previously treated recurrent or 
metastatic cervical cancer. Clin Cancer Res. 2020;26(6):1220–8.

 196. Coleman RL, et al. Efficacy and safety of tisotumab vedotin in previously 
treated recurrent or metastatic cervical cancer (innovaTV 204/GOG-
3023/ENGOT-cx6): a multicentre, open-label, single-arm, phase 2 study. 
Lancet Oncol. 2021;22(5):609–19.

 197. Theunissen JW, et al. Treating tissue factor-positive cancers with 
antibody-drug conjugates that do not affect blood clotting. Mol Cancer 
Ther. 2018;17(11):2412–26.

 198. Koga Y, et al. Antitumor effect of antitissue factor antibody-MMAE 
conjugate in human pancreatic tumor xenografts. Int J Cancer. 
2015;137(6):1457–66.

 199. Sugaya A, et al. Utility of epirubicin-incorporating micelles tagged with 
anti-tissue factor antibody clone with no anticoagulant effect. Cancer 
Sci. 2016;107(3):335–40.

 200. Yamamoto Y, et al. Enhanced antitumor effect of anti-tissue factor 
antibody-conjugated epirubicin-incorporating micelles in xenograft 
models. Cancer Sci. 2015;106(5):627–34.

 201. Hu Z, Li J. Natural killer cells are crucial for the efficacy of Icon (factor 
VII/human IgG1 Fc) immunotherapy in human tongue cancer. BMC 
Immunol. 2010;11:49.

 202. Wang B, et al. Human single-chain Fv immunoconjugates targeted 
to a melanoma-associated chondroitin sulfate proteoglycan mediate 
specific lysis of human melanoma cells by natural killer cells and com-
plement. Proc Natl Acad Sci U S A. 1999;96(4):1627–32.

 203. Hu Z, Sun Y, Garen A. Targeting tumor vasculature endothelial cells 
and tumor cells for immunotherapy of human melanoma in a mouse 
xenograft model. Proc Natl Acad Sci U S A. 1999;96(14):8161–6.

 204. Hu Z, et al. Targeting tissue factor for immunotherapy of triple-negative 
breast cancer using a second-generation ICON. Cancer Immunol Res. 
2018;6(6):671–84.

 205. Hu Z, Garen A. Intratumoral injection of adenoviral vectors encoding 
tumor-targeted immunoconjugates for cancer immunotherapy. Proc 
Natl Acad Sci U S A. 2000;97(16):9221–5.

 206. Hu Z, Garen A. Targeting tissue factor on tumor vascular endothelial 
cells and tumor cells for immunotherapy in mouse models of prostatic 
cancer. Proc Natl Acad Sci U S A. 2001;98(21):12180–5.

 207. Cisowski J, et al. Targeting protease-activated receptor-1 with cell-
penetrating pepducins in lung cancer. Am J Pathol. 2011;179(1):513–23.

 208. Jiang Y, et al. A potent antagonist of protease-activated receptor 2 that 
inhibits multiple signaling functions in human cancer cells. J Pharmacol 
Exp Ther. 2018;364(2):246–57.

 209. Graf C, et al. Myeloid cell-synthesized coagulation factor X dampens 
antitumor immunity. Sci Immunol. 2019;4(39):eaaw8405.

 210. Maqsood A, et al. Rivaroxaban does not affect growth of human pan-
creatic tumors in mice. J Thromb Haemost. 2019;17(12):2169–73.



Page 37 of 39Ahmadi et al. Biomarker Research           (2023) 11:60  

 211. Prescott J, Thiemann P, Loury D. PCI-27483, a small molecule inhibitor 
of Factor VIIa, inhibits growth of BxPC3 pancreatic adenocarcinoma 
xenograft tumors. Cancer Res. 2008;68(9 Supplement):5669–5669.

 212. Hembrough TA, et al. Tissue factor/factor VIIa inhibitors block angiogen-
esis and tumor growth through a nonhemostatic mechanism. Cancer 
Res. 2003;63(11):2997–3000.

 213. Zhang Q, et al. Chimeric antigen receptor-modified T Cells inhibit the 
growth and metastases of established tissue factor-positive tumors in 
NOG mice. Oncotarget. 2017;8(6):9488–99.

 214. Kirane A, et al. Warfarin blocks Gas6-mediated Axl activation required 
for pancreatic cancer epithelial plasticity and metastasis. Cancer Res. 
2015;75(18):3699–705.

 215. Jiao JA, et al. Inhibition of acute vascular thrombosis in chimpanzees 
by an anti-human tissue factor antibody targeting the factor X binding 
site. Thromb Haemost. 2010;103(1):224–33.

 216. Hong H, et al. Immuno-PET of tissue factor in pancreatic cancer. J Nucl 
Med. 2012;53(11):1748–54.

 217. Wei W, et al. Tissue factor-targeted immunoPET imaging and 
radioimmunotherapy of anaplastic thyroid cancer. Adv Sci (Weinh). 
2020;7(13):1903595.

 218. Shi S, et al. ImmunoPET of tissue factor expression in triple-negative 
breast cancer with a radiolabeled antibody Fab fragment. Eur J Nucl 
Med Mol Imaging. 2015;42(8):1295–303.

 219. Hernandez R, et al. ImmunoPET imaging of tissue factor expres-
sion in pancreatic cancer with (89) Zr-Df-ALT-836. J Control Release. 
2017;264:160–8.

 220. Luo H, et al. ImmunoPET and near-infrared fluorescence imaging of 
pancreatic cancer with a dual-labeled bispecific antibody fragment. 
Mol Pharm. 2017;14(5):1646–55.

 221. Nielsen CH, et al. Quantitative PET imaging of tissue factor expres-
sion using 18F-labeled active site-inhibited factor VII. J Nucl Med. 
2016;57(1):89–95.

 222. Tsumura R, et al. Influence of the dissociation rate constant on the intra-
tumor distribution of antibody-drug conjugate against tissue factor. J 
Control Release. 2018;284:49–56.

 223. Takashima H, et al. Reinforcement of antitumor effect of micelles con-
taining anticancer drugs by binding of an anti-tissue factor antibody 
without direct cytocidal effects. J Control Release. 2020;323:138–50.

 224. de Goeij BE, et al. High turnover of tissue factor enables efficient 
intracellular delivery of antibody-drug conjugates. Mol Cancer Ther. 
2015;14(5):1130–40.

 225. Hafeez U, et al. Antibody-drug conjugates for cancer therapy. Mol-
ecules. 2020;25(20):4764.

 226. Ducry L, Stump B. Antibody-drug conjugates: linking cytotoxic pay-
loads to monoclonal antibodies. Bioconjug Chem. 2010;21(1):5–13.

 227. Doronina SO, et al. Development of potent monoclonal anti-
body auristatin conjugates for cancer therapy. Nat Biotechnol. 
2003;21(7):778–84.

 228. Takahashi A, et al. NC-6300, an epirubicin-incorporating micelle, 
extends the antitumor effect and reduces the cardiotoxicity of epiru-
bicin. Cancer Sci. 2013;104(7):920–5.

 229. Hu Z, Garen A. Targeting tissue factor on tumor vascular endothelial 
cells and tumor cells for immunotherapy in mouse models of prostatic 
cancer. Proc Natl Acad Sci. 2001;98(21):12180–5.

 230. Boire A, et al. PAR1 is a matrix metalloprotease-1 receptor that 
promotes invasion and tumorigenesis of breast cancer cells. Cell. 
2005;120(3):303–13.

 231. Nguyen N, et al. Tumor-Derived Cyr61(CCN1) Promotes Stromal 
Matrix Metalloproteinase-1 Production and Protease-Activated 
Receptor 1–Dependent Migration of Breast Cancer Cells. Can Res. 
2006;66(5):2658–65.

 232. Agarwal A, et al. Targeting a metalloprotease-PAR1 signaling system 
with cell-penetrating pepducins inhibits angiogenesis, ascites, and 
progression of ovarian cancer. Mol Cancer Ther. 2008;7(9):2746–57.

 233. Yang E, et al. Blockade of PAR1 signaling with cell-penetrating 
pepducins inhibits Akt survival pathways in breast cancer cells and sup-
presses tumor survival and metastasis. Cancer Res. 2009;69(15):6223–31.

 234. Bohm SK, et al. Molecular cloning, expression and potential functions 
of the human proteinase-activated receptor-2. Biochem J. 1996;314 Pt 
3(Pt 3):1009–16.

 235. Trivedi V, et al. Platelet matrix metalloprotease-1 mediates thrombogen-
esis by activating PAR1 at a cryptic ligand site. Cell. 2009;137(2):332–43.

 236. Rothmeier AS, Ruf W. Protease-activated receptor 2 signaling in inflam-
mation. Semin Immunopathol. 2012;34(1):133–49.

 237. Suen JY, et al. Pathway-selective antagonism of proteinase activated 
receptor 2. Br J Pharmacol. 2014;171(17):4112–24.

 238. Ramanathan RK, et al. A Phase 2 study of PCI-27483, a factor viia 
inhibitor in combination with gemcitabine for advanced pancreatic 
cancer. Oncology. 2019;96(4):217–22.

 239. Zhao J, et al. rNAPc2 inhibits colorectal cancer in mice through tissue 
factor. Clin Cancer Res. 2009;15(1):208–16.

 240. Stassens P, et al. Anticoagulant repertoire of the hookworm Ancylos-
toma caninum. Proc Natl Acad Sci. 1996;93(5):2149–54.

 241. Lee AY, Vlasuk GP. Recombinant nematode anticoagulant protein c2 
and other inhibitors targeting blood coagulation factor VIIa/tissue 
factor. J Intern Med. 2003;254(4):313–21.

 242. Rickles FR, Patierno S, Fernandez PM. Tissue factor, thrombin, and 
cancer. Chest. 2003;124(3 Suppl):58s–68s.

 243. Moons AH, et al. Recombinant nematode anticoagulant protein 
c2, an inhibitor of the tissue factor/factor VIIa complex, in patients 
undergoing elective coronary angioplasty. J Am Coll Cardiol. 
2003;41(12):2147–53.

 244. Giugliano RP, et al. Recombinant nematode anticoagulant protein c2 
in patients with non-ST-segment elevation acute coronary syndrome: 
the ANTHEM-TIMI-32 trial. J Am Coll Cardiol. 2007;49(25):2398–407.

 245. June CH, Sadelain M. Chimeric Antigen Receptor Therapy. N Engl J 
Med. 2018;379(1):64–73.

 246. Zhang T, et al. Efficiency of CD19 chimeric antigen receptor-modified 
T cells for treatment of B cell malignancies in phase I clinical trials: a 
meta-analysis. Oncotarget. 2015;6(32):33961–71.

 247. Zhang Q, et al. Strategies to improve the clinical performance of 
chimeric antigen receptor-modified T cells for cancer. Curr Gene Ther. 
2013;13(1):65–70.

 248. Prapa M, et al. A novel anti-GD2/4-1BB chimeric antigen receptor 
triggers neuroblastoma cell killing. Oncotarget. 2015;6(28):24884–94.

 249. Corti C, et al. CAR-T cell therapy for triple-negative breast cancer 
and other solid tumors: preclinical and clinical progress. Expert Opin 
Investig Drugs. 2022;31(6):593–605.

 250. Jemal A, et al. Global cancer statistics. CA Cancer J Clin. 
2011;61(2):69–90.

 251. Anders CK, Carey LA. Biology, metastatic patterns, and treatment of 
patients with triple-negative breast cancer. Clin Breast Cancer. 2009;9 
Suppl 2(Suppl 2):S73-81.

 252. Pal SK, Childs BH, Pegram M. Triple negative breast cancer: unmet 
medical needs. Breast Cancer Res Treat. 2011;125(3):627–36.

 253. Kassam F, et al. Survival outcomes for patients with metastatic triple-
negative breast cancer: implications for clinical practice and trial 
design. Clin Breast Cancer. 2009;9(1):29–33.

 254. Berrada N, Delaloge S, André F. Treatment of triple-negative meta-
static breast cancer: toward individualized targeted treatments or 
chemosensitization? Ann Oncol. 2010;21(Suppl 7):vii30-5.

 255. El Guerrab A, et al. Differential impact of EGFR-targeted therapies on 
hypoxia responses: implications for treatment sensitivity in triple-
negative metastatic breast cancer. PLoS One. 2011;6(9):e25080.

 256. Liedtke C, Kiesel L. Current issues of targeted therapy in metastatic 
triple-negative breast cancer. Breast Care (Basel). 2011;6(3):234–9.

 257. Rakha EA, Chan S. Metastatic triple-negative breast cancer. Clin Oncol 
(R Coll Radiol). 2011;23(9):587–600.

 258. Bayraktar S, Glück S. Molecularly targeted therapies for meta-
static triple-negative breast cancer. Breast Cancer Res Treat. 
2013;138(1):21–35.

 259. Pengo V, et al. Long-term use of vitamin K antagonists and incidence of 
cancer: a population-based study. Blood. 2011;117(5):1707–9.

 260. Schulman S, Lindmarker P. Incidence of cancer after prophylaxis with 
warfarin against recurrent venous thromboembolism. Duration of 
Anticoagulation Trial. N Engl J Med. 2000;342(26):1953–8.

 261. Morris PE, et al. A phase I study evaluating the pharmacokinetics, 
safety and tolerability of an antibody-based tissue factor antagonist in 
subjects with acute lung injury or acute respiratory distress syndrome. 
BMC Pulm Med. 2012;12:5.



Page 38 of 39Ahmadi et al. Biomarker Research           (2023) 11:60 

 262. Leung K. (64) Cu-1,4,7-Triazacyclononane-1,4,7-triacetic acid-p-isothi-
ocyanatobenzyl-ALT-836, in Molecular Imaging and Contrast Agent 
Database (MICAD). Bethesda (MD): National Center for Biotechnology 
Information (US); 2044.

 263. Tsumura R, et al. Feasibility study of the Fab fragment of a monoclo-
nal antibody against tissue factor as a diagnostic tool. Int J Oncol. 
2015;47(6):2107–14.

 264. Li S, et al. pHLIP-mediated targeting of truncated tissue factor to tumor 
vessels causes vascular occlusion and impairs tumor growth. Onco-
target. 2015;6(27):23523–32.

 265. O’Farrell AM, et al. An innovative phase I clinical study demonstrates 
inhibition of FLT3 phosphorylation by SU11248 in acute myeloid leuke-
mia patients. Clin Cancer Res. 2003;9(15):5465–76.

 266. Murphy DA, et al. Inhibition of tumor endothelial ERK activation, angio-
genesis, and tumor growth by sorafenib (BAY43-9006). Am J Pathol. 
2006;169(5):1875–85.

 267. Thorpe PE. Vascular targeting agents as cancer therapeutics. Clin Can-
cer Res. 2004;10(2):415–27.

 268. Schwöppe C, et al. Tissue-factor fusion proteins induce occlusion of 
tumor vessels. Thromb Res. 2010;125(Suppl 2):S143–50.

 269. Huang X, et al. Tumor infarction in mice by antibody-directed targeting 
of tissue factor to tumor vasculature. Science. 1997;275(5299):547–50.

 270. Ran S, et al. Infarction of solid Hodgkin’s tumors in mice by antibody-
directed targeting of tissue factor to tumor vasculature. Cancer Res. 
1998;58(20):4646–53.

 271. Dienst A, et al. Specific occlusion of murine and human tumor vascu-
lature by VCAM-1-targeted recombinant fusion proteins. J Natl Cancer 
Inst. 2005;97(10):733–47.

 272. Hu P, et al. Comparison of three different targeted tissue factor 
fusion proteins for inducing tumor vessel thrombosis. Cancer Res. 
2003;63(16):5046–53.

 273. Nilsson F, et al. Targeted delivery of tissue factor to the ED-B domain of 
fibronectin, a marker of angiogenesis, mediates the infarction of solid 
tumors in mice. Cancer Res. 2001;61(2):711–6.

 274. Fernando S, Fletcher BS. Targeting tumor endothelial marker 8 in 
the tumor vasculature of colorectal carcinomas in mice. Cancer Res. 
2009;69(12):5126–32.

 275. Rippmann JF, et al. Fusion of the tissue factor extracellular domain to a 
tumour stroma specific single-chain fragment variable antibody results 
in an antigen-specific coagulation-promoting molecule. Biochem J. 
2000;349 Pt 3(Pt 3):805–12.

 276. Kessler T, et al. Inhibition of tumor growth by RGD peptide-directed 
delivery of truncated tissue factor to the tumor vasculature. Clin Cancer 
Res. 2005;11(17):6317–24.

 277. Huang ZJ, et al. Targeting the vasculature of colorectal carcinoma with 
a fused protein of (RGD)3-tTF. ScientificWorldJournal. 2013;2013:637086.

 278. El-Sheikh A, et al. A selective tumor microvasculature thrombogen that 
targets a novel receptor complex in the tumor angiogenic microenvi-
ronment. Cancer Res. 2005;65(23):11109–17.

 279. Chen X, et al. Novel superparamagnetic iron oxide nanoparticles for 
tumor embolization application: preparation, characterization and 
double targeting. Int J Pharm. 2012;426(1–2):248–55.

 280. Lv S, et al. A recombined fusion protein SP5.2/tTF induce thrombosis in 
tumor blood vessel. Neoplasma. 2015;62(4):531–40.

 281. Zou M, et al. Construction of novel procoagulant protein targeting 
neuropilin-1 on tumour vasculature for tumour embolization therapy. J 
Drug Target. 2019;27(8):885–95.

 282. Qiu GQ, et al. Fusion protein tTF-EG3287 induces occlusion of tumor 
vessels and impairs tumor growth in human colon caner. Neoplasma. 
2019;66(2):252–60.

 283. Zou M, et al. Design and construction of a magnetic targeting pro-
coagulant protein for embolic therapy of solid tumors. Artif Cells 
Nanomed Biotechnol. 2020;48(1):116–28.

 284. Brand C, et al. NG2 proteoglycan as a pericyte target for anticancer 
therapy by tumor vessel infarction with retargeted tissue factor. Onco-
target. 2016;7(6):6774–89.

 285. Bieker R, et al. Infarction of tumor vessels by NGR-peptide-directed 
targeting of tissue factor: experimental results and first-in-man experi-
ence. Blood. 2009;113(20):5019–27.

 286. Shi Q, et al. Specific tissue factor delivery using a tumor-homing 
peptide for inducing tumor infarction. Biochem Pharmacol. 
2018;156:501–10.

 287. Liu C, et al. Prostate-specific membrane antigen directed selective 
thrombotic infarction of tumors. Cancer Res. 2002;62(19):5470–5.

 288. Xu P, et al. Construction and characterization of a truncated tissue 
factor-coagulation-based composite system for selective thrombosis in 
tumor blood vessels. Int J Oncol. 2019;55(4):823–32.

 289. Simberg D, et al. Biomimetic amplification of nanoparticle homing to 
tumors. Proc Natl Acad Sci U S A. 2007;104(3):932–6.

 290. Ding L, et al. Metabonomic investigation of biological effects of a new 
vessel target protein tTF-pHLIP in a mouse model. J Proteome Res. 
2020;19(1):238–47.

 291. Arap W, Pasqualini R, Ruoslahti E. Cancer treatment by targeted 
drug delivery to tumor vasculature in a mouse model. Science. 
1998;279(5349):377–80.

 292. Zhang Y, et al. Inhibition of platelet function using liposomal nanoparti-
cles blocks tumor metastasis. Theranostics. 2017;7(5):1062–71.

 293. Epstein AL, et al. Identification of a monoclonal antibody, TV-1, directed 
against the basement membrane of tumor vessels, and its use to 
enhance the delivery of macromolecules to tumors after conjugation 
with interleukin 2. Cancer Res. 1995;55(12):2673–80.

 294. Zhou Z, et al. MRI detection of breast cancer micrometastases with a 
fibronectin-targeting contrast agent. Nat Commun. 2015;6:7984.

 295. Gottstein C, et al. Generation and characterization of recombinant 
vascular targeting agents from hybridoma cell lines. Biotechniques. 
2001;30(1):190–4. 196, 198 passim.

 296. Carnemolla B, et al. A tumor-associated fibronectin isoform gener-
ated by alternative splicing of messenger RNA precursors. J Cell Biol. 
1989;108(3):1139–48.

 297. Epstein AL, Chen FM, Taylor CR. A novel method for the detection of 
necrotic lesions in human cancers. Cancer Res. 1988;48(20):5842–8.

 298. Hornick JL, et al. A new chemically modified chimeric TNT-3 monoclo-
nal antibody directed against DNA for the radioimmunotherapy of solid 
tumors. Cancer Biother Radiopharm. 1998;13(4):255–68.

 299. Kessler T, et al. Generation of fusion proteins for selective occlusion of 
tumor vessels. Curr Drug Discov Technol. 2008;5(1):1–8.

 300. Dennis MS, et al. Imaging tumors with an albumin-binding Fab, a novel 
tumor-targeting agent. Cancer Res. 2007;67(1):254–61.

 301. Pasqualini R, Ruoslahti E. Organ targeting in vivo using phage display 
peptide libraries. Nature. 1996;380(6572):364–6.

 302. Ruoslahti E, Pierschbacher MD. New perspectives in cell adhesion: RGD 
and integrins. Science. 1987;238(4826):491–7.

 303. Koivunen E, Wang B, Ruoslahti E. Phage libraries displaying cyclic pep-
tides with different ring sizes: ligand specificities of the RGD-directed 
integrins. Biotechnology (N Y). 1995;13(3):265–70.

 304. Koivunen E, Gay DA, Ruoslahti E. Selection of peptides binding to 
the alpha 5 beta 1 integrin from phage display library. J Biol Chem. 
1993;268(27):20205–10.

 305. Pasqualini R, Koivunen E, Ruoslahti E. Alpha v integrins as recep-
tors for tumor targeting by circulating ligands. Nat Biotechnol. 
1997;15(6):542–6.

 306. Soker S, et al. Neuropilin-1 is expressed by endothelial and tumor cells 
as an isoform-specific receptor for vascular endothelial growth factor. 
Cell. 1998;92(6):735–45.

 307. Gu C, et al. Characterization of neuropilin-1 structural features that con-
fer binding to semaphorin 3A and vascular endothelial growth factor 
165. J Biol Chem. 2002;277(20):18069–76.

 308. Soker S, et al. Vascular endothelial growth factor-mediated autocrine 
stimulation of prostate tumor cells coincides with progression to a 
malignant phenotype. Am J Pathol. 2001;159(2):651–9.

 309. Klagsbrun M, Takashima S, Mamluk R. The role of neuropilin in vascular 
and tumor biology. Adv Exp Med Biol. 2002;515:33–48.

 310. Vanveldhuizen PJ, et al. Differential expression of neuropilin-1 
in malignant and benign prostatic stromal tissue. Oncol Rep. 
2003;10(5):1067–71.

 311. Magdolen V, et al. Immunological and functional analyses of the extra-
cellular domain of human tissue factor. Biol Chem. 1998;379(2):157–65.

 312. Burg MA, et al. NG2 proteoglycan-binding peptides target tumor neo-
vasculature. Cancer Res. 1999;59(12):2869–74.



Page 39 of 39Ahmadi et al. Biomarker Research           (2023) 11:60  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 313. Pasqualini R, et al. Aminopeptidase N is a receptor for tumor-homing 
peptides and a target for inhibiting angiogenesis. Cancer Res. 
2000;60(3):722–7.

 314. Su SL, et al. Alternatively spliced variants of prostate-specific membrane 
antigen RNA: ratio of expression as a potential measurement of pro-
gression. Cancer Res. 1995;55(7):1441–3.

 315. Heston WD. Significance of prostate-specific membrane antigen 
(PSMA). A neurocarboxypeptidase and membrane folate hydrolase. 
Urologe A. 1996;35(5):400–7.

 316. Mailloux A, et al. Anticancer drugs induce necrosis of human 
endothelial cells involving both oncosis and apoptosis. Eur J Cell Biol. 
2001;80(6):442–9.

 317. Martin J, et al. Society of Gynecologic Oncology Journal Club: Con-
troversial conversations in Gynecologic cancer–The ABCs of ADCs 
(Antibody drug Conjugates). Gynecol Oncol Rep. 2023;45:101141.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Tissue factor (coagulation factor III): a potential double-edge molecule to be targeted and re-targeted toward cancer
	Abstract 
	Introduction
	TF structure
	TF cytoplasmic domain

	The role of TF in signaling pathways
	The role of TF in TF-VIIa-induced signaling pathways
	The role of TF in PARs dependent signaling pathways
	The role of TF in integrin signaling pathways
	The role of TF in MAPK, JAK, Src, PI3K, and Rac signaling pathways

	TF expression
	The role of TF in apoptosis, metastasis, angiogenesis and VTE
	TF-mediated metastasis
	TF-mediated angiogenesis
	TF-mediated venous thromboembolism
	TF-mediated activation of anti-apoptotic pathways

	The role of TF in various cancers
	Pancreatic cancer
	Gastric cancer
	Breast cancer
	Prostate cancer
	Lung cancer
	Hepatocellular carcinoma
	Cervical cancer
	Retinoblastoma
	Gliomas

	TF targeted and re-targeted therapy
	TF targeted therapies and targeted diagnostic approaches
	Antibody
	PARs antagonist
	TF ligand inhibitor
	rNAPc2 inhibitor
	CAR cell-mediated immunotherapy
	Anticoagulant
	Antibody-mediated imaging

	Re-targeted TF-based therapies
	Conclusion and future prospectives

	Acknowledgements
	References


