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Tumor metastasis involves a series of complex and coordinated processes, which is the main cause of patient
death and still a significant challenge in cancer treatment. Pre-metastatic niches (PMN), a specialized micro-
environment that develops in distant organs prior to the arrival of metastatic cancer cells, plays a crucial role in
driving tumor metastasis. The development of PMN depends on a complex series of cellular and molecular
components including tumor-derived factors, bone marrow-derived cells, resident immune cells, and extracel-

lular matrix. Fibrinogen, a key factor in the typical blood clotting process, is related to tumor metastasis and
prognosis, according to a growing body of evidence in recent years. Fibrinogen has emerged as an important
factor in mediating the formation of tumor microenvironment. Nevertheless, a clear and detailed mechanism by
which fibrinogen promotes tumor metastasis remains unknown. In this review, we first explore the roles of
fibrinogen in the development of PMN from four perspectives: immunosuppression, inflammation, angiogenesis,
and extracellular matrix remodeling. We highlight the significance of fibrinogen in shaping PMN and discuss its
potential therapeutic values, opening new avenues for targeting fibrinogen to prevent or treat metastasis.

1. Introduction

Tumor metastasis is the main cause of cancer treatment failure and
patient mortality, accounting for approximately 90 % of cancer-related
deaths (Mani et al., 2024). To successfully colonize a tumor cell “seed”,
the vital “soil” of the metastatic target organ plays a crucial role.
Pre-metastatic niche (PMN), as the “soil,” is the specialized microenvi-
ronment within distant organs that are modified by primary tumors to
facilitate the establishment and growth of metastatic cells (Peinado
et al., 2017; Wang et al., 2024a), including the recruitment of bone
marrow-derived cells (BMDCs), angiogenesis, inflammatory response,
immunosuppression and extracellular matrix (ECM) remodeling (Liu
and Cao, 2016). We previously reviewed that various cellular and mo-
lecular components, such as tumor-derived soluble factors (TDSFs),
BMDCs, immune cells, and extracellular vesicles (EVs), are involved in

PMN formation (Yang et al., 2021). Targeting and inhibiting PMN for-
mation represents a promising strategy in cancer therapy aimed at dis-
rupting the early stages of metastasis (Liu and Cao, 2016).

Fibrinogen is a glycoprotein complex with a molecular weight of
340 kDa, which is synthesized in the liver by hepatocytes, and then
circulates in the bloodstream as a coagulation factor (Wolberg, 2023). It
is a triplex spherical structure made up of three distinct sets of poly-
peptide chains: o, §, and y (Lipitsa et al., 2019). Traditionally recognized
as a clotting factor, fibrinogen plays a crucial role in the coagulation
cascade and fibrinolysis; however, its functions extend far beyond just
clot formation, including acute response to inflammation and immune
(Luyendyk et al., 2019), especially linked to cancer progression (Han
et al., 2024; Wu et al., 2024). In recent years, an increasing number of
studies have highlighted fibrinogen as a promising biomarker for pre-
dicting cancer prognosis and classifying tumor stages (Yang et al., 2018;
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Zhang et al., 2019; Ke et al., 2024a). Elevated fibrinogen levels are
linked to reduced overall survival and an increased risk of recurrence in
various cancers (Perisanidis et al., 2015), such as breast (Hu et al., 2024;
Zheng et al., 2020), lung (Ma and Wang, 2024; Sinn et al., 2022),
colorectal and gastric cancers (Ying et al., 2022; Lin et al., 2021).
Nevertheless, the mechanism by which fibrinogen influences tumor
metastasis is still unclear.

In recent years, a growing body of researchers has investigated the
function and mechanism of fibrinogen in the development of the tumor
microenvironment. For example, in pancreatic ductal adenocarcinoma,
fibrinogen forms an ICAMI-fibrinogen-ICAM1 bridging structure
through the GP130-STAT1 signaling pathway upon IL-35 stimulation,
which enhances the adhesion and transendothelial migration of cancer
cells to endothelial cells (Huang et al., 2017). In colorectal cancer,
fibrinogen-mediated p53 downregulation through activating FAK leads
to cellular proliferation and senescence (Sharma et al., 2021). The
interaction between Fibrinogen Alpha Chain (FGA) and integrin a5 also
modulates the AKT-mTOR signaling pathway, influencing tumor growth
and metastasis (Wang et al., 2020). Additionally, fibrinogen-like protein
2 (FGL2), a member of the fibrinogen family, facilitates the proliferation
of MDSCs and augments their immunosuppressive capabilities through
the enhancement of cholesterol metabolism and activation of XBP1
signaling in colorectal cancer (Wu et al., 2023). Even though fibrino-
gen’s role in the broader tumor microenvironment has been well stud-
ied, its specific involvement in PMN formation in distant organs is often
overlooked and less frequently highlighted. Here, we first discuss how
fibrinogen plays in PMN formation and provide a comprehensive over-
view of the role of fibrinogen on PMN evolution, which will open
promising avenues for developing new therapies to manage metastatic
cancer more effectively.

2. Fibrinogen induces an immunosuppressive PMN

Immunosuppression is a crucial characteristic of PMN in tumor
metastasis (Liu and Cao, 2016). Multiple immune cells, including mac-
rophages, myeloid-derived suppressor cells (MDSCs), neutrophils, reg-
ulatory T cells (Tregs), B regulatory (Breg) cells, dendritic cells (DCs)
and natural killer (NK) cells, and suppressed CD4"/CD8™ T cells, are
involved in generating an immunosuppressive PMN (Patras et al.,
2023a). Fibrinogen, a protein primarily involved in blood clotting, has
several interactions with the immune system, even though it is not an
immune cell. A growing body of studies has shown that fibrinogen, as
well as members of the fibrinogen family, such as fibrinogen-like protein
1 (FGL1) and FGL2, bind well to the surface of macrophages and T cells
that express integrin aMp2 to exert a crucial role in regulating immunity
(Takada et al., 2010; Hu et al., 2020). Fibrinogen is increasingly
recognized for its crucial role in immunosuppression by regulating the
function and activity of the immune cells, potentially promoting PMN
formation.
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As early as the beginning of the 20th century, Colvin et al. revealed that
fibrinogen bound to the cell surface of macrophages plays an important
role in cell-mediated immunity (Colvin and Dvorak, 1975). The binding
interactions were subsequently reported in many studies, such as
fibrinogen to the integrin ampy (Vidal et al., 2012) CD11b/CD18
(Mac-1), and CD11¢/CD18(p150/95) in inflammation and allergic dis-
eases (Landers et al., 2019; Lukacsi et al., 2020). This dynamic binding
and interplay are vital for the recruitment and polarization of macro-
phages, as confirmed by Ana et al. In her study, macrophages were
recruited to the metastatic lung through tissue factor-induced clot for-
mation during the PMN development in melanoma, although the spe-
cific receptor on macrophages that binds fibrinogen was not shown
(Gil-Bernabé et al., 2012). Furthermore, the interaction with fibrinogen
can lead to the release of specific cytokines and chemokines that further
enhance macrophage accumulation, even M2 polarization. Jiang et al.
revealed that fibrinogen attracted macrophage recruitments by inducing
chemokines ICAM1 in gallbladder cancer liver metastasis (Jiang et al.,
2022). Higher expression of FGL2, a member of the fibrinogen family,
recruited the macrophages to glioma tumors through binding on the
surface of macrophages with CD16 receptor and releasing chemokine
CXCL7 (Yan et al., 2021). Additionally, FGL2 elicited the M2 phenotype
of macrophage polarization, promoting the recruitment of various im-
mune cells including CD8" T cells, B cells, and macrophages in esoph-
ageal and colorectal cancer (Yuan et al., 2021; Zhu et al., 2018). The
M2-polarized macrophages support tumor progression not only through
immune suppression, but also by facilitating inflammation, angiogen-
esis, and tissue remodeling (Liu et al., 2021a), all of which help to create
a favorable PMN for metastatic cell colonization.

In addition to the above influences of fibrinogen on macrophages,
macrophages can accordingly affect the production of fibrinogen,
degradation of fibrin, and the remodeling of the fibrin matrix, which are
critical for PMN establishment (Loscalzo, 1996). The latest study re-
ported that tumor-associated macrophages can enhance the stabilization
of FGL1 through NF-kB activation to facilitate the immune escape of T
cells in liver PMN of colorectal cancer (CRC) (Li et al., 2023a). Yuan et al.
revealed that the M2-like macrophages could help create an immuno-
suppressive tumor microenvironment by secreting FGL2 in esophageal
cancer (Yuan et al., 2020). In the future, more evidence is needed to
validate this reciprocal interaction between fibrinogen and macro-
phages in shaping PMN. Further study is needed to explore whether the
conversion of fibrinogen to fibrin provides a scaffold that influences
macrophage accumulation, as well as the effect of fibrinogen on
macrophage polarization in shaping PMN.

2.2. Fibrinogen attenuates NK cell activity

NK cells, one important component of the innate immune system,
play a key role in the immune response against tumors (Chiossone et al.,
2018). NK cells engage in crosstalk with other immune cells, facilitating
their recruitment, maturation, polarization, differentiation, and cyto-
toxicity (Coénon et al., 2024). For example, they bind to corresponding
receptors on target cells to trigger apoptosis through the expression of
TNF receptor ligands (e.g., TRAIL, FASL and TNFR) (Joshi and Sharabi,
2022); they release cytotoxic particles like perforin and granzyme B to
induce tumor cell lysis and apoptosis (Ambrose et al., 2020); further-
more, they promote immune escape via interactions with coagulation
factors and a variety of immune cells to help establish an immunosup-
pressive microenvironment in tumor progression (Rahimi et al., 2023).
NK cells can directly kill tumor cells through the release of cytotoxic
granules, and secrete various cytokines (e.g., IFN-y, TNF-a ) that
enhance the immune response and help recruit other immune cells to the
tumor sites (Wong et al., 2023). Numerous ligands and receptors on the
surface of NK cells, such as NKp30 and MHC-], play a critical role in
regulating tumor escape (Ponath et al., 2021). In the tumor microenvi-
ronment, NK cell exhaustion impairs their ability to effectively recog-
nize and eliminate tumor cells, allowing tumors to evade immune
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surveillance (Jia et al., 2023).

In cancer, fibrinogen is often found in the tumor microenvironment,
helping tumors evade immune surveillance by dampening NK cell ac-
tivity, and promoting tumor growth and metastasis. A well-established
theory is that tumor cells have a propensity to adhere to fibrinogen,
forming a dense fibrin layer that shields them from NK cell cytotoxicity
(Zheng et al., 2009). Tumor cells can provoke platelets to produce
thrombin, and in the presence of thrombin, fibrinogen is converted into
a protective fibrin matrix encasing the tumor cells (Zheng et al., 2009).
In this process, both platelets and the coagulation cascade act as vital
mediators. Fibrinogen and platelets are key components in clot forma-
tion, which create microthrombin around tumor cell emboli, thereby
hindering NK cell-mediated tumor cell clearance and facilitating the
development of an immunosuppressive microenvironment (Palumbo
et al., 2005). Besides, tumor cells can induce NK cell functional tolerance
via fibrinogen-like proteins, FGL1 and FGL2. Ostapchuk et al. revealed
that the human pancreatic cancer cell (MiaPaCa2-TT) cultures signifi-
cantly decreased NK cell IFNy secretion, CD107a, and DNAM-1 expres-
sion, while increasing PD-1 expression, resulting in reduced cytotoxic
activity and functions (Ostapchuk et al., 2022). In HCC, FGL1 can inhibit
the function of CD8" T cells and NK cells by interacting with LAG-3
receptors (Xi et al., 2024). In this intricate process, NK cells and CD8™
T cells exhibit reciprocal regulation. Deficiencies in CD8 + T cells
compromise NK cell function, while NK cell impairments simultaneously
disrupt CD8" T cell activity (Ostapchuk et al., 2022). A recent study
shows that inhibiting the transcription factor CEBP-5 can enhance the
expression of Vtn and ZC3H12D, reduce NK cell attachment to fibrin-
ogen within blood vessels, boost NK cell cytotoxicity, and consequently,
inhibit tumor metastasis (Yin et al., 2023). Nevertheless, the specific role
of fibrinogen in NK cell activity and function in PMN formation has not
been thoroughly investigated and more research is needed to identify it.

Fibrinogen helps shape an immunosuppressive PMN in tumor
metastasis through its interactions with various immune cells, including
macrophages, MDSCs, T cells, and NK cells. The schematic diagram of
the mechanisms by which fibrinogen plays in PMN formation is shown
in Fig. 1. There are still some problems to be solved: Do fibrinogen-
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derived factors (e.g., cytokines, chemokines, even fibrin that is pro-
duced from fibrinogen) participate in regulating the recruitment and
function of immune cells? Are there more ligands and receptors for the
binding of fibrinogen to immune cells? It remains unclear and requires
further studies to be confirmed.

2.3. Fibrinogen-like protein (FGL) elicits inmunosuppression

Fibrinogen-like protein (FGL) is a family of proteins that share
structural similarities with fibrinogen, a key protein in blood clotting
(Sulimai et al., 2022). Among the members of this family, FGL1 and
FGL2 have attracted significant interest due to their emerging role in
cancer biology, particularly in contributing to immune evasion (Yu
et al., 2021). They have been identified as an immunosuppressive pro-
tein in shaping tumor microenvironment by interacting with immune
checkpoints (like LAG-3 receptor) on T cells (Shi et al., 2021), or pro-
moting immune cells migration to facilitate the metastatic spread of
cancer cells to distant organs (Zhang et al., 2023a). Here is how FGL1
and FLG2 may contribute to an immunosuppressive PMN:

2.3.1. FGL inhibits T cell activation and proliferation

T cells play a crucial role in the immune response against cancer.
Tumor cells and stromal components indeed create a complex micro-
environment that can subtly regulate T cell function to evade immune
surveillance (Kumagai et al., 2024). In this complex regulatory network,
both fibrinogen and its related proteins, including FGL1 and FGL2,
can have an inhibitory effect on T cell activation and proliferation so as
to elicit an immune-suppressive environment in PMN formation.

The first demonstration that T cells can bind to fibrinogen was re-
ported by Takada et al., who showed that the fibrinogen gamma chain
(gammaC399tr) bound to the integrin aMp2 on T cells to attenuate
autoimmunity (Takada et al., 2010). Fibrinogen can also bind or stim-
ulate macrophage secretion of chemokines such as MIP-1a, MIP-1f, and
MIP-2, to interact with T cell function (Smiley et al., 2001). The CD8" T
cells frequently accumulate in glioblastoma fibrinogen-positive areas,
indicating the diffusion of fibrinogen due to leaky vessels (Lohr et al.,
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Fig. 1. Fibrinogen induces an immunosuppressive PMN. This diagram illustrates the immunosuppressive mechanisms of fibrinogen in shaping PMN. By promoting
the recruitment of MDSCs, inducing the polarization of tumor-associated macrophages, and inhibiting the function of T cells and NK cells, fibrinogen creates an
immunosuppressive microenvironment favorable for tumors and metastasis. These effects are mediated through various signaling pathways and molecular mech-
anisms, including cytokine networks, receptor-ligand interactions, and epigenetic modifications, collectively forming a complex immune regulatory network in

the PMN.
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2011). Even though there is still a lack of solid evidence regarding
whether it can directly bind to T cells, FGL1 and FGL2, proteins of the
fibrinogen family, are correlated to the inhibition of T cell activation via
binding to the surface receptor of T cells in tumor metastatic environ-
ment (Qian et al, 2021). FGL1 is the major ligand for the
lymphocyte-activation gene 3 (LAG3) receptor on the surface of T cells,
their binding and interaction inhibits T-cell activation and proliferation
(Chai et al., 2022). Mechanistically, the FGL1/LAG3 axis exerts tumor
epithelial-to-mesenchymal transition, immune escape, and immune
checkpoint blockade resistance in tumor progression (Wang et al.,
2019a). In hepatocellular carcinoma, FGL1-LAG3 binding led to the
exhaustion of CD8" Try cells and NK cells causing immune evasion in
both in vitro and vivo experiments, which contributed to liver metastasis
(Xi et al., 2024; Yang et al., 2023; Sun et al., 2024). In CRC liver
metastasis, high FGL1 helped to facilitate an immunosuppression he-
patic microenvironment via attenuating the infiltration of
IFN-y"CD8'/CD4" and Ki67"CD8"/CD4" T cells by TAM-OTUD1-FGL
axis (Li et al., 2023a). Besides FGL1, FGL2 also plays a significant role,
as it can bind to FcyRIIB on CD8 ' T cells to limit the T cell immune
response by inducing apoptosis in these cells (Morris et al., 2020). FGL2
expressed by glioblastoma cancer cells inhibits the differentiation of
CD103" dendritic cells to suppress CD8" T cells through NF-kB,
STAT1/5, and p38 signaling pathways in brain tumors (Yan et al., 2019).
Soluble FGL2 attenuated the activity of dendritic cells-mediated CD8" T
cells and Thl cells, inducing immunosuppression in the liver cancer
microenvironment (Yang et al., 2019). These findings reveal FGL1 and
FGL2 as novel immune targets for novel immunotherapies, which indi-
rectly affect T-cell function by regulating antigen-presenting cells.

2.3.2. FGL promotes MDSCs recruitment

MDSCs, a heterogeneous population of myeloid cells that are
expanded and activated in various pathological conditions, support
tumor growth and metastasis by creating an immunosuppressive tumor
microenvironment (Lasser et al., 2024). MDSCs directly downregulate
L-selectin expression on naive T cells, impairing their ability to home to
lymph nodes and tumor sites, which consequently inhibits anti-tumor
immune responses (Hanson et al., 2009). In breast cancer, MDSCs not
only suppress T cell activation but also enhance the stem-like properties
of tumor cells. Through the interplay of the IL-6/STAT3 and NO/NOTCH
signaling pathways, MDSCs confer stem-like characteristics on breast
cancer cells, thereby promoting tumorigenesis and facilitating immune
escape (Peng et al., 2016). Yet, MDSCs play a significant role in pro-
moting the formation and maintenance of the PMN and supporting
tumor metastasis due to their immunosuppressive function by inhibition
of T cell function, production of reactive oxygen species, and expression
of negative immune checkpoint molecules (Ya et al., 2022; Tang et al.,
2021).

The fibrinogen protein family, FGL2, has been proven to be posi-
tively correlated with tumor size and the expression of MDSCs surface
markers CD11b and CD33, and FGL2 maintained the undifferentiated
state of bone marrow cells, thereby promoting the accumulation of
MDSCs and suppressing the production of immune cells in hepatocel-
lular carcinoma (Liu et al., 2021b). The latest research demonstrated
that FGL2 regulated the differentiation and immunosuppressive func-
tion of MDSCs through the XBP1 signaling axis for regulating cholesterol
biosynthesis in MDSCs in the colorectal cancer environment (Wu et al.,
2023). The pharmacological inhibition of FGL2 or XBP1 lowers choles-
terol levels in MDSCs, attenuates their immunosuppressive activity, and
facilitates their differentiation into macrophages and dendritic cells.
Nevertheless, the specific mechanism of fibrinogen’s effect on MDSC
remains unclear, and the authors only speculated that FGL2 may bind to
FcyRIIB on the MDSC surface, as previous studies reported (Morris et al.,
2020; Liu et al., 2008; Selzner et al., 2012). Could fibrinogen interact
directly with cell surface receptors on MDSCs to influence their behavior
in PMN? Are there fibrinogen-binding proteins on MDSCs that may
mediate their adhesion to the ECM and to tumor cells in cancer PMN?
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Further investigations are needed to test this hypothesis.
2.4. Fibrinogen conversion to Fibrin promoting immune cells recruitment

As it is known to all, fibrinogen can convert to fibrin during clot
formation, creating a fibrin matrix. This matrix not only helps to prevent
further bleeding but also provides structural support for incoming cell
adhesion and migration (Mosesson, 2005). Therefore, we speculated
whether fibrinogen could be converted into fibrin to elicit immune cells
recruiting to the tumor microenvironment. In the late 20th century,
Harold et al. revealed that fibrin deposition in tumor stroma might serve
as a barrier that interferes with tumor-associated antigens, to influence
the host’s immune response (Dvorak et al., 1983). Fibrin increasingly
serves as a vital component of hydrogels, playing an important role in
cancer therapy research (Zhou et al., 2024; Ke et al., 2024b). Han et al.
reported that the fibrin deposition induced by tumor-derived tissue
factor was associated with an increased percentage of CD11b*Gr-1"
MDSC recruitment within the lung cancer microenvironment; never-
theless, the specific mechanism of fibrin on MDSC accumulation is still
unclear (Han et al., 2017). Recent studies have demonstrated that fibrin
hydrogels can decrease the secretion of pro-inflammatory cytokines,
such as TNF-a while enhancing the release of anti-inflammatory cyto-
kines, such as IL-10, and promoting the infiltration of anti-inflammatory
macrophages (Tanaka et al., 2019). Even though the studies about
fibrinogen converting to fibrin to influence tumor immunity are still
limited, it prompts us to explore and speculate about it. Future in-
vestigations should be conducted to explore the effect of fibrinogen
converting to fibrin on MDSCs recruitment in cancer PMN formation.

Fibrinogen and its derivative fibrin can form a provisional matrix to
provide a scaffold for cell migration and tissue repair (Li et al., 2024).
Could it create a fibrous environment in metastatic organs, limiting
T-cell access to antigen-presenting cells? Can a physical barrier formed
by fibrinogen-related matrix structure limit the migration of effector T
cells, thereby dampening immune responses to shape a suitable PMN for
cancer cell colonization? Are there other receptors, except for integrin
and LAG3 on T cells, that can bind to fibrinogen? Due to Treg cells
expressing chemokine receptors (e.g., CCR4, CCR8, CCR5) (Li et al.,
2020), are there corresponding ligands on fibrinogen that can bind to
Treg cells, thereby secreting chemokines to recruit Treg cells to PMN?
All of the above are unclear and need more research to confirm.

3. Fibrinogen promotes an inflammatory PMN

Fibrinogen is a crucial acute-phase reaction protein in chronic in-
flammatory diseases (Luyendyk et al., 2019). Elevated fibrinogen levels
can indeed exacerbate the inflammatory state in cancer patients,
creating a feedback loop that supports tumor growth. High levels of
fibrinogen are often associated with systemic inflammation and can
indicate a poor tumor prognosis (Randerson-Moor et al., 2024; Deng
et al., 2023). Several studies have shown that circulating fibrinogen is
the main inflammatory biomarker, and the fibrinogen/albumin ratio is
significantly associated with TNM stage, metastasis, and tumor size in
colorectal cancer (Ying et al., 2021; Wang et al., 2019b; Xu et al., 2023),
gastric cancer (Lin et al., 2021; Ren et al., 2024; Zhang et al., 2023b;
Jagadesham et al., 2017), and intrahepatic cholangiocarcinoma (Liu
et al., 2021c; Xu et al., 2022).

Fibrinogen is a key inflammatory and prognostic indicator for tumor
metastasis; the specific mechanisms of fibrinogen’s effects on the tumor
inflammatory microenvironment are as follows: Fibrinogen interacts
with immune cells to mediate inflammation. There were several re-
ceptors present on immune cells that bind with fibrinogen, the inter-
acting effect of which can promote inflammatory signaling pathways or
secrete various pro-inflammatory cytokines (like IL-6 and TNF-a) to
amplify the inflammatory response (Hsieh et al., 2017), For instance,
through its interaction with macrophage TLR4, fibrinogen significantly
upregulates the expression of chemokines such as MIP-la, MIP-18,
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MCP-1, and MIP-2, thereby exacerbating the inflammatory environment
(Smiley et al., 2001); through binding to macrophage integrin o,
fibrinogen can activate FAK and inhibit p53/14-3-3c to induce cell
proliferation and growth of colorectal cancer (Sharma et al., 2021),
which is also closely linked to various inflammatory responses via NF-kB
activation (Murphy et al., 2021). In pancreatic cancer, fibrinogen in-
teracts with pancreatic stellate cells to promote IL-8 production
(Masamune et al., 2009), and the IL-8-CXCR2 signaling pathway is
critical for enhancing PMN inflammation, increasing vascular perme-
ability, and promoting tumor spread (Lee et al., 2012). Fibrinogen also
exacerbates inflammation in lung cancer by stimulating the extracellular
regulated kinase (ERK) pathway, which results in the phosphorylation of
tyrosine 1185 on methyltransferase SET1A (Jiang et al., 2024). Addi-
tionally, the fibrinogen family (e.g., FGL1, FGL2) plays important roles
in promoting inflammation within the tumor microenvironment. Studies
have demonstrated that FGL1 and IL-6 protein levels in NSCLC are
favorably linked with the TNM stage, and there is a substantial positive
association between FGL1 expression and IL-6 abundance (Tian et al.,
2023). In liver cancer, IFN-y and IL-2 elevate FGL2 expression and
activate prothrombin, further promoting tumor metastasis (Su et al.,
2008).

Overall, the relationship between fibrinogen, inflammation, and
cancer is intricate and underscores the need for further research to
explore potential therapeutic interventions targeting these pathways.
How does fibrinogen modulate the function of immune cell types
beyond macrophages to amplify inflammation? What other pro-
inflammatory mediators and signaling pathways are implicated in this
process? These are questions that warrant further investigation.

4. Fibrinogen stimulates angiogenesis and vascular leakage in
PMN

Angiogenesis, the formation of new blood vessels from existing ones,
plays a crucial role in tumor development and progression (Liu et al.,
2023a). During PMN formation, angiogenesis supplies adequate oxygen
and nutrients for the PMN while also offering excretion channels.
Enhanced vascular permeability facilitates cellular entry and exit,
fostering interactions with the surrounding environment and promoting
the growth of PMN (Wang et al., 2024a; Liu and Cao, 2016). Various
cells (e.g., fibroblasts, endothelial cells) and molecules (e.g., VEGF, FGF,
PDGF) regulate this complex process. The cancer-associated fibroblasts
facilitate an angiogenic PMN through IncRNA SNHG5-mediated
vascular permeability in breast cancer lung metastasis (Zeng et al.,
2022). Colorectal cancer cells transfer miR-25-3p to endothelial cells via
exosomes, subsequently regulating the expression of VEGFR2, ZO-1,
occludin, and Claudin-5, which significantly enhances vascular perme-
ability and promotes neovascularization in liver PMN (Zeng et al.,
2018). Tumor exosomes contain pro-angiogenic factors like VEGF and
IL-8 that stimulate endothelial cells to promote angiogenesis while also
upregulating VE-cadherin, EGFR, and uPA, leading to disrupted cell
connections and increased vascular permeability (Liu et al., 2023b).

When fibrinogen is converted to fibrin, it forms a fibrin matrix that
provides a structural scaffold to support the migration and proliferation
of endothelial cells (ECs), which are crucial for forming new blood
vessels (Mosesson, 2005). Fibrin degradation product E stimulates the
proliferation, migration, and differentiation of human skin microvas-
cular endothelial cells, enhancing the angiogenic effects of VEGF and
basic fibroblast growth factor (bFGF) (Bootle-Wilbraham et al., 2001).
These factors are essential for stimulating endothelial cell proliferation
and new blood vessel formation (Heinolainen et al., 2017). Furthermore,
fibrinogen and its family (e.g. FGL1, FGL2) play a multifaceted role in
angiogenesis in the establishment of the tumor microenvironment
(Staton et al., 2003). In the late 20th century, Dvorak et al. revealed that
fibrinogen and its fragments can significantly impact angiogenesis via
the selective accumulation of fibrinogen and anti-fibrinogen antibodies
in tumor stroma formation (Dvorak et al., 1992). High FGL2 expression
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was related to VEGF and IL-8 expression, promoting neovascular reac-
tion in hepatocellular carcinoma HCCLM6 cells (Liu et al., 2012).
Knockdown of FGL2 inhibits PAR2 activation and reduces downstream
JNK phosphorylation, resulting in tumor cell cycle arrest, decreased
expression of VEGF and IL-8, and suppression of tumor proliferation and
angiogenesis (Chen et al., 2024). However, higher FGL1 induced the
expression of VEGFA, VEGFB, and EGFR to inhibit vascularization in
LKB1 mutant lung adenocarcinoma (Bie et al., 2019). Additionally,
fibrinogen can attract immune cells, such as macrophages and MDSCs to
PMN, as has been shown by us. These immune cells regulate tumor
angiogenesis also by interacting with ECs which secrete additional
pro-angiogenic factors (e.g., VEGF, EGF, FGF-2, and PDGF) (Yang et al.,
2024; Hsu et al., 2019; Jetten et al., 2014; Barbera-Guillem et al., 2002),
which play a crucial role in enhancing the PMN vascularization for
tumor progression. As described above, fibrinogen, its fragments, and
family members contribute to a vascularized PMN by promoting the
release of pro-angiogenic factors. Further exploration should focus on
the role of FGL2 and FGL1, which may exert opposite effects in the
process of angiogenesis.

The hypercoagulable state of the tumor further provides a favorable
environment for distant metastasis and can also promote the formation
of tumor blood vessels (Unruh and Horbinski, 2020; Akita et al., 2015).
During coagulation, thrombin cleaves fibrinogen, inducing an increase
in D-dimer levels and the production of fibrin monomers, which cova-
lently bond to form stable fibrin networks that participate in thrombosis
(Tran et al., 2024; Zhao et al., 2020). Platelet activation leads to the
production of thromboxane A2, the release of adenosine diphosphate,
increased clotting activity, and eventual exposure of the oIIbp3 integrin
(Kuo et al., 2019). Fibrinogen activates the platelet-carried olIbp3
integrin conformation by recruiting cytoskeleton, adaptor proteins, and
phosphorylated proteins, including Src-family kinases and Syk kinases,
and transmitting signals to cell attachment sites (Durrant et al., 2017;
Wu et al., 2015). Thrombin binds to PAR1 and PAR4 receptors, directly
activating the PLC/PKCo/c-Src pathway and downstream transcription
factor (p65), and activating NF-xB on the MMP-2 and MMP-13 pro-
moters, which leads to tumor metastasis (Chen et al., 2010).

Nevertheless, recent reviews have discussed the role of fibrinogen as
a “friend or foe” and have shown that fibrinogen can also weaken
angiogenesis to impede tissue regeneration in some conditions (Melly
and Banfi, 2022; Vilar et al., 2020). Whether it will also play a “friend”
or “foe” role in tumor angiogenesis, just like FGL2 and FGL1, requires
more attention in future studies. Regardless, understanding the role of
fibrinogen in angiogenic PMN is crucial for developing effective thera-
pies against cancer metastasis (Fig. 2). Continued research in this area
may reveal novel targets for intervention and improve outcomes for
patients with tumor metastasis.

5. Fibrinogen modulates ECM remodeling

ECM is a complex network of proteins and carbohydrates that pro-
vides structural and biochemical support to surrounding cells (Naba,
2024). It’s a critical component of tissue architecture consisting of
various proteoglycans, fibrous proteins, and proteins linked with
matricellular structures, which play several essential roles in structural
support, cell adhesion, and tumor microenvironment remodeling
(Popova and Jiicker, 2022). When metastasizing to a new location,
cancer cells must adhere to and survive in the new environment,
simultaneously interacting with the ECM to facilitate tumor growth and
dissemination (Sleeboom et al., 2024). The ECM’s dynamic role in
shaping the tumor microenvironment, including recruiting immune cells
(Patras et al., 2023a), increasing stiffness, and interacting with
tumor-stromal cells, is pivotal for the PMN establishment, which can
create a more hospitable environment for tumor cell colonization.

Here’s how fibrinogen contributes to the process of ECM remodeling
in PMN. The deposition of fibrinogen and other adhesive glycoproteins
in the ECM serves as a scaffold, facilitating the binding of growth factors
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Fig. 2. Fibrinogen stimulates angiogenesis in PMN. This diagram illustrates the amplifying cycle and pathway through which fibrinogen facilitates PMN angio-
genesis. Fibrinogen alters vascular permeability and promotes angiogenesis by engaging with various angiogenic factors (e.g. VEGF, FGF-2, PDGF). Immune cells
further influence PMN angiogenesis by enhancing the production of inflammatory and pro-angiogenic factors, such as IL-8 and VEGF, through their interactions. A
series of interactions between fibrinogen and platelets contribute to a hypercoagulable state, subsequently promoting PMN angiogenesis.

and stimulating cellular responses such as adhesion, proliferation, and
metastasis during angiogenesis and tumor growth (Kwaan and Lind-
holm, 2019). Intercellular adhesion is crucial for ECM remodeling and
tumor metastasis, influencing the survival, migration, and ultimate
metastatic potential of tumor cells (Liu et al., 2023c). Research has
demonstrated that fibrinogen plays a crucial role in sustaining the
adherence and survival of melanoma cells in the metastasis of the lungs
(Palumbo et al., 2000). In melanoma, fibrinogen mediates cell adhesion
by interacting with ICAM-1 on melanoma cells and p2 integrin on
polymorphonuclear leukocytes, thus promoting tumor metastasis
(Zhang et al., 2011). Fibrinogen stimulates avf3 integrins in areas of
intercellular contact, enhancing the stability of cell aggregation (Cluzel
et al., 2005). Furthermore, fibrinogen promotes the recruitment of
various cell types, including immune cells and fibroblasts, which are
vital for ECM remodeling in PMN. For instance, MDSCs can activate the
CXCR2 receptor on tumor cells by secreting the cytokine CXCL2,
establishing a CXCL2-CXCR2 signaling axis that significantly influences
ECM restructuring (Zhang et al., 2017; Yao et al., 2024a). Additionally,
cancer-associated fibroblasts expressing sulfatase-1 enhance ECM
deposition and angiogenesis through increased VEGFA release (Wang
et al., 2024b). Fibrinogen can also modulate the activity of matrix
metalloproteinases (MMPs)-2 and MMPs-9 to degrade ECM components
such as collagen, elastin, and stromal glycoproteins (Zong et al., 2024),
which helps create migration pathways for tumor cells, thereby
enhancing tumor invasiveness in glioblastoma metastasis (Dzikowski
et al.,, 2021). The latest study revealed that fibrinogen in the ascites
promoted ECM protein organization of mesothelium to facilitate the
implantation of ovarian cancer cells in peritoneal PMN via oV and a5p1
integrins (Laurent-Issartel et al., 2024).

Overall, fibrinogen is pivotal in shaping the ECM, influencing the
PMN formation, and ultimately impacting cancer metastasis. It can form
a provisional matrix scaffold; promote the recruitment of various types
including immune cells and fibroblasts, which are essential for remod-
eling the ECM; enhance intercellular adhesion and influence the activity
of MMPs, enzymes that degrade ECM components, thus playing a role in
cancer progression. The tumor immunosuppressive microenvironment,

inflammation, and angiogenesis are all closely interconnected with ECM
remodeling (Patras et al., 2023b), nevertheless, the details of their in-
teractions require further investigation. Investigating the role of fibrin-
ogen in facilitating ECM remodeling in PMN enhances our
understanding of the molecular mechanisms driving tumor metastasis
and provides a crucial experimental foundation for developing novel
anti-metastatic therapeutic strategies.

6. Fibrinogen post-translational modifications promote tumor
progression

Fibrinogen undergoes various post-translational modifications
(PTMs) such as glycosylation, citrullination, phosphorylation, and pro-
teolytic cleavage, which not only enhance its role in coagulation but also
contribute to tumor progression, particularly citrullination (De Vries
et al., 2020). Citrullination is a PTM where the amino acid arginine is
converted to citrulline, and this modification can alter the structure and
function of fibrinogen, influencing cancer progression (Yao et al.,
2024b). Fibrinogen, especially when citrullinated, can enhance the in-
flammatory responses, making it more conducive to tumor growth and
metastasis. Rappu et al. found that fibrinogen was the most frequently
citrullinated protein in cancer metastatic datasets, and its citrullination
was associated with elevated levels of inflammation proteins (e.g.,
MMPs and PAD enzymes) (Rappu et al., 2022). Recently, Hiratsuaka
et al. revealed that citrullinated fibrinogen, in complex with serum
amyloid A, induced breast cancer extravasation and accumulation in the
pre-metastatic lung in the humanized mice model (Han et al., 2023).
This study highlights fibrinogen citrullination’s role in promoting tumor
metastasis by establishing PMN and suggests potential therapeutic
strategies targeting fibrinogen PTMs to inhibit cancer spread. Addi-
tionally, studies have shown that the concentration of hydroxylated
fibrinogen is significantly higher in the plasma of pancreatic cancer
patients (Ono et al., 2009; Yoneyama et al., 2013), while phosphorylated
fibrinogen level is elevated in ovarian cancer patients (Ogata et al.,
2006). Prolyl 4-hydroxylated a-fibrinogen has been shown to be corre-
lated with the production of aFG-565HyP, which is closely related to
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cancer and inflammation (Ono et al., 2009). Totally, PTMs of fibrinogen
are involved in tumor metastasis by influencing tumor cell adhesion,
migration, and PMN formation. However, the specific mechanisms un-
derlying this process remain to be further explored. More evidence is
needed to fully understand how fibrinogen PTMs contribute to shaping
PMN, particularly in processes like angiogenesis, immunosuppression
and inflammation.

7. Fibrinogen as a therapeutic target and prognostic biomarker

Fibrinogen has emerged as a topic of interest in the tumor micro-
environment. Although the role of fibrinogen in PMN is still being
elucidated, its involvement in tumor biology suggests it could be a
promising target for future therapeutic strategies. The effect that
fibrinogen has on PMN development, e.g., immunosuppression,
inflammation, angiogenesis, and ECM remodeling (shown in Fig. 3),
underscores its potential as a therapeutic target and prognostic
biomarker in cancer treatment and management. Understanding these
mechanisms further can help develop strategies to disrupt the support-
ive role of fibrinogen in tumors.

Researchers are exploring strategies to target fibrinogen or signaling
pathways to disrupt PMN establishment in various cancer types
(Table 1). Ana et al. have demonstrated that the coagulation cascade
served to recruit monocytes and macrophages to lung PMN. That is, the
inhibition of clot formation including platelet activation and fibrin
deposition, might result in a decreased recruitment of monocytes/
macrophages to inhibit the establishment of PMN in melanoma lung
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metastasis (Gil-Bernabé et al., 2012). Recently, several studies revealed
the therapeutic effect of the fibrinogen family (e.g., FGL1 and FGL2) on
tumor metastasis. For instance, disrupting the signaling axis of
FGL2/XBP1 is an effective therapeutic intervention for diminishing
MDSC recruitment to liver PMN (Wu et al., 2023), while targeting the
TAM-OTUD1-FGL1 axis inhibits macrophage recruitment to the liver in
colorectal cancer (Li et al., 2023a). In hepatocellular carcinoma, tar-
geted therapy for the FGL2-CD11b/CD33 axis significantly decreased
the number of MDSCs accumulation (Liu et al., 2021b), while targeting
the FGL1-LAG-3 axis promoted the functions of CD8"T and NK cell to
enhance the antitumor effect in liver metastatic environment (Xi et al.,
2024). Also, blocking the FGL2-CXCL7 paracrine loop effectively de-
creases macrophage recruiting to the tumor microenvironment in gli-
oma (Yan et al., 2021), All the above fibrinogen-related targeting
therapies would help to prevent PMN formation, thereby inhibiting
tumor metastasis via attenuating recruitment of immune cells.
Additionally, developing strategies that target fibrinogen offers
promising avenues for inhibiting inflammatory, angiogenic, and ECM
remodeled-PMN formation. For example, targeting fibrinogen-induced
FAK/NF-kB pathways in colorectal cancer might modulate inflamma-
tory processes (Sharma et al., 2021), as FAK activation of NF-kB is
closely related to inflammation effects (Murphy et al., 2021; Capece
et al., 2022). Jiang et al indicated that fibrinogen induces ICAM1
expression in gallbladder cancer to promote vascularization and endo-
thelial permeability hence, blocking the fibrinogen/ICAM1 signaling
axis might help to inhibit angiogenesis to decrease tumor migration
(Jiang et al, 2022). Additionally, altering fibrinogen-induced
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Fig. 3. Roles of fibrinogen in the formation and development of PMN. This diagram outlines the mechanisms by which fibrinogen facilitates tumor PMN formation.
Fibrinogen primarily enhances PMN formation by fostering immune suppression, driving inflammation, promoting angiogenesis, and remodeling the ECM.
Fibrinogen interacts with the immune cells including macrophages, MDSCs, T cells, and NK cells to induce immunosuppression. The immune cells, such as mac-
rophages can be activated to secrete inflammatory factors (e.g., IL-6, IL-8, TNF-a, FAK, and MAPK), thereby amplifying inflammatory responses in metastatic organs.
Additionally, fibrinogen and its fibrin degradation product stimulate the proliferation and migration of endothelial cells, secreting various pro-angiogenic factors like
VEGF, EGF, and FGF-2 to induce angiogenesis. Fibrinogen also helps form scaffolds and modulate the ECM to increase tissue stiffness, enhancing cell aggregation
stability and recruiting immune cells to shape a favorable PMN for tumor metastasis. Throughout this process, these four factors interact and influence one another,

collectively contributing to PMN formation.
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Table 1
Potential therapeutic strategies of tumor metastasis concerning fibrinogen and related signaling pathways in various cancer types.

Authors and published Research Treatment/Molecular Targets/pathways Mechanisms

year

Hepatocellular carcinoma (HCC)

Han, X. et al. 2024 (Han Animal FGA PI3K/AKT pathway FGA suppressed EMT via the PI3K/AKT pathway.

et al., 2024) models

Xi, F. et al. 2024 (Xi Animal Anti-FGL1 treatment FGL1 FGL1 reduces CD8" T and NK cell activity through its receptor LAG-3.

et al., 2024) models

Yin, C. et al. 2023 (Yin Animal CEBP&-siRNA treated anti- Transcription factor CEBPS inhibited the NK cells’ adherence to the fibrinogen-rich bed in the

et al., 2023) models metastatic NK cells CEBPS pulmonary arteries as well as their sensitivity to the ambient mRNA activator.
ZC3H12D was restored as a result of CEBPS suppression, which enhanced
tumoricidal activity by ensnaring extracellular mRNA.

Hiratsuka, S. etal. 2018 ( Animal Liver-primed B220 CD11c FX, IFN-y B220 CD11c NK1.1 cells expressed FX to remove fibrinogen deposits from

Hiratsuka et al., 2018) models NK1.1 cells pre-metastatic lungs, and simultaneously induced IFN-y to combat metastatic
tumors.

Liu, Y. et al. 2007 (Liu Animal CH50 avp3 signaling CH50 exhibited inhibitory effects on MMP-9 and avp3 integrin, reducing avp3

et al., 2007) models integrin’s ability to bind to fibrinogen and downregulating cdc2 expression.

Colon cancer

LiJ.etal 2023 (Lietal.,  Animal Benzethonium chloride TAM-OTUD1-FGL1 FGL1 promotes metastatic tumor growth by reducing tumor-infiltrating T

2023a) models axis cells in the liver microenvironment.

Breast cancer

Porshneva, K. et al. 2019  Animal Concurrent use of CORM-A1 CO, NO By reducing the levels of endothelin-1, sSICAM, and sE-selectin plasma,

(Porshneva et al., 2019) models and DETA/NO concurrent usage of CORM-Al and DETA/NO was able to suppress the EMT
process, downregulate platelets activation, and lower the binding of
fibrinogen and vWf to platelets.

Porshneva, K. et al. 2018  Animal Combination Therapy with TGF-p, TXB2, NO Combination therapy reduced fibrinogen binding to resting platelets in the

(Porshneva et al., 2018) models DETA/NO and Clopidogrel early phase of tumor progression.

Non-small cell lung cancer (NSCLC)

Liu, T.Y. et al. 2024 (Liu Animal Anti-FGL1 treatment FGL1, KDM4A/

et al., 2024) models STAT3 pathway
Zhao B. et al., 2020 ( Animal r-hirudin, DTIP NF-kB signaling
Zhao et al., 2020) models pathway

Glioma tumor

Yan J. et al. 2021 (Yan Animal - CD16/SyK/PI3K/
et al., 2021) models HIF1a

Dzikowski et al. 2021 ( Clinical Inhibition of MMP MMP

Dzikowski et al., 2021) sample study

Gallbladder cancer

Jiang, C. et al. 2022 ( Clinical Inhibit ICAM1 ICAM1

Jiang et al., 2022) sample study

Melanoma

Hayashi, Y. et al. 2019 ( Animal Gal-3 Integrin $3
Hayashi et al., 2019) models

Akita, N. et al. 2015 ( Animal PCI anticoagulant serine
Akita et al., 2015) models protease
Pancreatic ductal adenocarcinoma

Huang, C. et al. 2017 ( Animal 1L-35 GP130-STAT1
Huang et al., 2017) models signaling pathway
Renal cell cancer

Chai, D. et al. 2022 (Chai ~ Animal PLGA/PEI-pFGL1/pCAIX co-  CAIX, FGL1/LAG-3
et al., 2022) models immunization vaccine pathway

Verheul, H.M. et al. 2007  Animal VEGF Trap VEGF signaling
(Verheul et al., 2007) models pathway

STAT3 demethylated H3K9me3, KDM4A boosted the transcriptional activity
of STAT3 and upregulated FGL1 expression.

Thrombin induces VM formation through a PAR-1 mediated NF-kB signaling
cascade.

Inducing macrophages to secrete CXCL7 enhances the stem-like function of
glioma cells.
Fibrinogen interacts with MMP-2 and MMP-9 to enhance tumor invasiveness.

Fibrinogen promotes migration, and cell adhesion of gallbladder carcinoma
cells by inducing ICAM1 expression.

A higher expression of Gal-3 in cancer cells inhibits the ability of fibrinogen-
mediated platelet adhesion, which in turn prevents tumor metastasis.
PCI enhances tumor metastasis with its procoagulant characteristics.

IL-35 stimulates ICAM1 overexpression via a GP130-STAT1 signaling
pathway, which increases endothelial adhesion and transendothelial
migration via an ICAM1-fibrinogen-ICAM1 bridge.

The PLGA/PEI-pFGL1/pCAIX vaccination may effectively prevent kidney
cancer metastasis by enhancing the immunological responses of DC-mediated
multifunctional CD8™ T cells.

VEGF Trap-induced suppression of RENCA tumor growth was related to
decreased MVD, decreasing fibrinogen leaking into the tumor
microenvironment and reducing vascular leakage.

Abbreviation: HCC, hepatocellular carcinoma; FGA, fibrinogen alpha; EMT, epithelial-mesenchymal transition; FGL1, Fibrinogen-like protein 1; FX, coagulation
factor X; BCMPs, breast cancer cell-derived microparticles; NO, nitric oxide; CO, carbon monoxide; CORM, carbon monoxide releasing molecules; vWf, von Willebrand
Factor; TXB2, Thromboxane B2; ICAM-1, intercellular adhesion molecule; KDM4A, Lysine-specific demethylase 4A; STAT3, signal transducer and activator of tran-
scription 3; VEGF, vascular endothelial growth factor; bFGF, basic fibroblast growth factor; Gal-3, Galectin-3; PCI, Protein C inhibitor; MMPs, matrix metal-

loproteinases; RENCA, renal cell carcinoma cells.

intercellular adhesion and inhibiting ECM degradation are promising
therapeutic avenues for preventing PMN formation and tumor metas-
tasis. Fibrinogen could be considered an effective therapy to reduce
invasiveness by inhibiting MMP-2 and —9 production, which is critical
for delaying ECM degradation and remodeling (Zong et al., 2024) in the
glioblastoma microenvironment (Dzikowski et al., 2021). The latest
study revealed that fibrin clot shields in tumor microenvironment act as
a protective barrier against chemotherapeutic agents in pancreatic
adenocarcinoma, hence, blocking the fibrin network formation could
inhibit cancer cell mobility in tumor microenvironment to improve
resistance to the anticancer agents (Tran et al., 2024). Overall, targeting
fibrinogen to prevent PMN formation can provide a new potential

therapeutic strategy to inhibit tumor metastases. Ongoing research is
essential to better understand its mechanisms and optimize its use in
cancer treatment.

It has been demonstrated that elevated levels of fibrinogen in the
blood have been associated with poorer prognosis in several types of
cancers, including lung (Ma and Wang, 2024), breast (Hu et al., 2024),
colorectal (Yan et al., 2024), and pancreatic (Li et al., 2023b) cancers.
This suggests that fibrinogen can serve as a valuable biomarker for
cancer progression and patient outcomes. For instance, high fibrinogen
expression in brain tumor cells in the glioblastoma microenvironment
predicts tumor invasiveness and prognosis (Dzikowski et al., 2021).
Fibrinogen in ascites is linked to peritoneal PMN formation in ovarian
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cancer, suggesting its potential as a prognostic indicator for ovarian
cancer peritoneal metastasis (Laurent-Issartel et al., 2024). Also,
fibrinogen provided a matrix scaffold for pancreatic and breast adeno-
carcinoma cells to predict tumor progression and resistance to anti-
cancer therapy (Tran et al., 2024). The Fibrinogen family, FGL2, served
as biomarkers for liver metastasis in hepatocellular carcinoma by
inducing MDSCs accumulated-microenvironment formation (Liu et al.,
2021b). High plasma FGL1 levels predict poor outcomes and reduced
checkpoint blockade therapy benefits by promoting immunosuppression
of liver PMN in colorectal cancer (Li et al., 2023a), and might also be a
novel biomarker to indicate angiogenesis in lung adenocarcinoma (Bie
et al., 2019). While fibrinogen can indicate the tumor prognosis, it has
some limitations as a prognostic biomarker: (1) Its levels can fluctuate in
response to acute inflammation, infection or injury, or anticoagulant
treatment (Luyendyk et al., 2019), potentially reducing its reliability in
early assessment for tumor metastasis and survival. (2) Fibrinogen’s
prognostic value often relies on combining it with the
immune-inflammation index (e.g., fibrinogen-to-albumin or -pre--
albumin ratio (Ma and Wang, 2024; Ying et al, 2022),
platelet-lymphocyte or neutrophil-lymphocyte ratio (Liu et al., 2020),
limiting its independent effectiveness in early assessment. Despite these
limitations, fibrinogen shows promise as a predictor of cancer prognosis,
and its role in PMN formation remains a promising area for further
research.

8. Perspective

Fibrinogen’s involvement in immune modulation, migration,
inflammation, angiogenesis, adhesion, and ECM remodeling un-
derscores its significance in the development of PMN, making it a po-
tential target for therapeutic strategies aimed at disrupting these
processes. Nevertheless, our knowledge about the effect of fibrinogen on
PMN formation is still limited. Many questions remain unclear and need
to be further explored: (1) the focus has mainly been on the character-
istics of PMN, including immunosuppression, inflammation, angiogen-
esis, and ECM remodeling; however, few reports about the role of
fibrinogen on the PMN of lymph angiogenesis, organotropism, or
metabolic reprogramming. (2) What other receptors on immune cells
can bind to fibrinogen and exert their effects? (3) Elevated fibrinogen
levels are closely linked to a state of chronic inflammation and tumor
progression, whereas, the specific mechanism of fibrinogen on tumor
inflammation is still unclear. (4) Can fibrinogen be packaged and
transported by exosomes or EVs to exert their effect on distant meta-
static organs? For instance, a recent study showed that fibrinogen is
carried by plasma EVs and contributes to CD8™ T cell immunity in mouse
multiple sclerosis (Willis et al., 2019). (5) Although fibrinogen serves as
a critical biomarker to evaluate tumor tumorigenesis and metastasis, it is
unclear what the exact sensitivity and specificity of fibrinogen are for
diagnosing and predicting tumor prognosis, Further evidence support
from large samples and multiple centers is needed. (6) Fibrinogen levels
can vary due to a range of factors, including infection and other in-
flammatory conditions. This variability might complicate its use as a
reliable biomarker for targeted therapies. (7) The role of fibrinogen in
tumor microenvironment, particularly in PMN formation, is multifac-
eted, influencing not just cancer cells but also immune cells, endothelial
cells, and the ECM. This complex relationship needs more exploration.
Addressing these challenges requires a nuanced understanding of fi-
brinogen’s biology and its role in PMN of various cancer types, paving
the way for more targeted and safer therapeutic strategies in clinics.

9. Conclusion

In this review, we first examine the roles of fibrinogen in PMN
development from four perspectives: immunosuppression, inflamma-
tion, angiogenesis, and extracellular matrix remodeling. We emphasize
its significance in shaping PMN and explore its therapeutic potential,
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offering new opportunities for targeting fibrinogen to prevent or treat
metastasis. While many issues remain unresolved, the significance of
fibrinogen in PMN formation is undeniable.

Abbreviations

PMN, pre-metastatic niche; ECM, extracellular matrix; EVs, extra-
cellular vesicles; ICAM-1, intercellular adhesion molecule; IL, Inter-
leukin; STAT, signal transducer and activator of transcription; FGA,
fibrinogen alpha chain; MDSCs, myeloid-derived suppressor cells; Tregs,
regulatory T cells; NK, natural killer; FGL1, fibrinogen-like protein 1;
FGL2, fibrinogen-like protein2; EGF, epidermal growth factor; LAG3,
lymphocyte-activation gene 3; MIP, macrophage inflammatory protein;
FAK, focal adhesion kinase; MAPK, mitogen-activated protein kinase;
ERK, extracellular regulated kinase; VEGF, vascular endothelial growth
factor; FGF, fibroblast growth factor; MMP, matrix metalloproteinase;
PTMs, post-translational modifications.

Funding

This work was supported by the National Natural Science Foundation
of China (grant no. 82103655, 82103645 and 82260596), Natural Sci-
ence Foundation of Jiangxi Province (grant no. 20242BAB25515),
Jiangxi Provincial Health Commission Science and Technology Project
(Grant Number: 202410031), Interdisciplinary innovation fund of
Nanchang University (Grant Number: 9167-28220007-YB2108).

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgment

The authors thank Dr. Liang Xu, and Dr. XiaoQing Wu (The Kansas of
University, Lawrence, KS, USA) for providing helpful comments on
preparing the manuscript.

References

Akita, N., Ma, N., Okamoto, T., et al., 2015. Host protein C inhibitor inhibits tumor
growth, but promotes tumor metastasis, which is closely correlated with
hypercoagulability. Thromb. Res. 135 (6), 1203-1208.

Ambrose, A.R., Hazime, K.S., Worboys, J.D., et al., 2020. Synaptic secretion from human
natural killer cells is diverse and includes supramolecular attack particles. Proc. Natl.
Acad. Sci. USA 117 (38), 23717-23720.

Barbera-Guillem, E., Nyhus, J.K., Wolford, C.C., et al., 2002. Vascular endothelial growth
factor secretion by tumor-infiltrating macrophages essentially supports tumor
angiogenesis, and IgG immune complexes potentiate the process. Cancer Res. 62
(23), 7042-7049.

Bie, F., Wang, G., Qu, X, et al., 2019. Loss of FGL1 induces epithelial-mesenchymal
transition and angiogenesis in LKB1 mutant lung adenocarcinoma. Int. J. Oncol. 55
(3), 697-707.

Bootle-Wilbraham, C.A., Tazzyman, S., Thompson, W.D., et al., 2001. Fibrin fragment E
stimulates the proliferation, migration and differentiation of human microvascular
endothelial cells in vitro. Angiogenesis 4 (4), 269-275.

Capece, D., Verzella, D., Flati, L, et al., 2022. NF-kB: blending metabolism, immunity,
and inflammation. Trends Immunol. 43 (9), 757-775.

Chai, D., Qiu, D., Shi, X., et al., 2022. Dual-targeting vaccine of FGL1/CAIX exhibits
potent anti-tumor activity by activating DC-mediated multi-functional CD8 T cell
immunity. Mol. Ther. Oncolyt. 24, 1-13.

Chen, H.T., Tsou, H.K., Tsai, C.H., et al., 2010. Thrombin enhanced migration and MMPs
expression of human chondrosarcoma cells involves PAR receptor signaling
pathway. J. Cell Physiol. 223 (3), 737-745.

Chen, J., Wu, L., Li, Y., 2024. FGL1 and FGL2: emerging regulators of liver health and
disease. Biomark. Res. 12 (1), 53.

Chiossone, L., Dumas, P.Y., Vienne, M., et al., 2018. Natural killer cells and other innate
lymphoid cells in cancer. Nat. Rev. Immunol. 18 (11), 671-688.

Cluzel, C., Saltel, F., Lussi, J., et al., 2005. The mechanisms and dynamics of (alpha)v
(beta)3 integrin clustering in living cells. J. Cell Biol. 171 (2), 383-392.

Coénon, L., Geindreau, M., Ghiringhelli, F., et al., 2024. Natural Killer cells at the
frontline in the fight against cancer. Cell Death Dis. 15 (8), 614.



http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref1
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref1
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref1
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref2
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref2
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref2
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref3
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref3
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref3
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref3
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref4
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref4
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref4
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref5
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref5
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref5
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref6
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref6
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref7
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref7
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref7
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref8
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref8
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref8
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref9
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref9
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref10
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref10
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref11
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref11
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref12
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref12

Y. Zhang et al.

Colvin, R.B., Dvorak, H.F., 1975. Fibrinogen/fibrin on the surface of macrophages:
detection, distribution, binding requirements, and possible role in macrophage
adherence phenomena. J. Exp. Med. 142 (6), 1377-1390.

De Vries, J.J., Snoek, C.J.M., Rijken, D.C., et al., 2020. Effects of post-translational
modifications of fibrinogen on clot formation, clot structure, and fibrinolysis: a
systematic reiew. Arterioscler. Thromb. Vasc. Biol. 40 (3), 554-569.

Deng, C., Zhang, S., Ling, J., et al., 2023. Prognostic value of the fibrinogen albumin ratio
index (FARI) in nasopharyngeal carcinoma patients undergoing radiotherapy. Sci.
Rep. 13 (1), 20630.

Durrant, T.N., Van Den Bosch, M.T., Hers, 1., 2017. Integrin «(IIb)B(3) outside-in
signaling. Blood 130 (14), 1607-1619.

Dvorak, H.F., Nagy, J.A., Berse, B., et al., 1992. Vascular permeability factor, fibrin, and
the pathogenesis of tumor stroma formation. Ann. N. Y Acad. Sci. 667, 101-111.

Dvorak, H.F., Senger, D.R., Dvorak, A.M., 1983. Fibrin as a component of the tumor
stroma: origins and biological significance. Cancer Metastas-.-. Rev. 2 (1), 41-73.

Dzikowski, L., Mirzaei, R., Sarkar, S., et al., 2021. Fibrinogen in the glioblastoma
microenvironment contributes to the invasiveness of brain tumor-initiating cells.
Brain Pathol. 31 (5), €12947.

Gil-Bernabé, A.M., Ferjancic, S., Tlalka, M., et al., 2012. Recruitment of monocytes/
macrophages by tissue factor-mediated coagulation is essential for metastatic cell
survival and premetastatic niche establishment in mice. Blood 119 (13), 3164-3175.

Han, X., Liu, Z., Cui, M., et al., 2024. FGA influences invasion and metastasis of
hepatocellular carcinoma through the PI3K/AKT pathway. Aging 16.

Han, Y., Tomita, T., Kato, M., et al., 2023. Citrullinated fibrinogen-SAAs complex causes
vascular metastagenesis. Nat. Commun. 14 (1), 4960.

Han, X., Zha, H., Yang, F., et al., 2017. Tumor-derived tissue factor aberrantly activates
complement and facilitates lung tumor progression via recruitment of myeloid-
derived suppressor cells. Int. J. Mol. Sci. 18 (1).

Hanson, E.M., Clements, V.K., Sinha, P., et al., 2009. Myeloid-derived suppressor cells
down-regulate L-selectin expression on CD4+ and CD8+ T cells. J. Immunol. 183
(2), 937-944.

Hayashi, Y., Jia, W., Kidoya, H., et al., 2019. Galectin-3 inhibits cancer metastasis by
negatively regulating integrin 3 expression. Am. J. Pathol. 189 (4), 900-910.

Heinolainen, K., Karaman, S., D’amico, G., et al., 2017. VEGFR3 modulates vascular
permeability by controlling VEGF/VEGFR2 signaling. Circ. Res. 120 (9), 1414-1425.

Hiratsuka, S., Tomita, T., Mishima, T., et al., 2018. Hepato-entrained B220(+)CD11c(+)
NK1.1(+) cells regulate pre-metastatic niche formation in the lung. EMBO Mol. Med.
10 (7).

Hsieh, J.Y., Smith, T.D., Meli, V.S., et al., 2017. Differential regulation of macrophage
inflammatory activation by fibrin and fibrinogen. Acta Biomater. 47, 14-24.

Hsu, Y.L., Yen, M.C., Chang, W.A., et al., 2019. CXCL17-derived CD11b(+)Gr-1(+)
myeloid-derived suppressor cells contribute to lung metastasis of breast cancer
through platelet-derived growth factor-BB. Breast Cancer Res. 21 (1), 23.

Hu, J., Wang, H., Li, X., et al., 2020. Fibrinogen-like protein 2 aggravates nonalcoholic
steatohepatitis via interaction with TLR4, eliciting inflammation in macrophages
and inducing hepatic lipid metabolism disorder. Theranostics 10 (21), 9702-9720.

Hu, J., Xu, D., Zeng, H., et al., 2024. Preoperative plasma fibrinogen level is a risk factor
for the long-term survival of postmenopausal women after surgery for breast cancer.
Maturitas 189, 108108.

Huang, C., Li, N., Li, Z., et al., 2017. Tumour-derived Interleukin 35 promotes pancreatic
ductal adenocarcinoma cell extravasation and metastasis by inducing ICAM1
expression. Nat. Commun. 8, 14035.

Jagadesham, V.P., Lagarde, S.M., Immanuel, A., et al., 2017. Systemic inflammatory
markers and outcome in patients with locally advanced adenocarcinoma of the
oesophagus and gastro-oesophageal junction. Br. J. Surg. 104 (4), 401-407.

Jetten, N., Verbruggen, S., Gijbels, M.J., et al., 2014. Anti-inflammatory M2, but not pro-
inflammatory M1 macrophages promote angiogenesis in vivo. Angiogenesis 17 (1),
109-118.

Jia, H., Yang, H., Xiong, H., et al., 2023. NK cell exhaustion in the tumor
microenvironment. Front. Immunol. 14, 1303605.

Jiang, C., Li, Y., Li, Y., et al., 2022. Fibrinogen promotes gallbladder cancer cell
metastasis and extravasation by inducing ICAM1 expression. Med. Oncol. 40 (1), 10.

Jiang, J., Ye, P, Sun, N., et al., 2024. Yap methylation-induced FGL1 expression
suppresses anti-tumor immunity and promotes tumor progression in KRAS-driven
lung adenocarcinoma. Cancer Commun.

Joshi, S., Sharabi, A., 2022. Targeting myeloid-derived suppressor cells to enhance
natural killer cell-based immunotherapy. Pharmacol. Ther. 235, 108114.

Ke, C.H., Lin, C.S., Sio, K.M., et al., 2024a. DR-70 (fibrinogen-fibrin degradation
products) as a prognostic biomarker in dogs with neoplasms. Vet. Q. 44 (1), 1-10.

Ke, J., Liu, Y., Liu, F., et al., 2024b. In-situ-formed immunotherapeutic and hemostatic
dual drug-loaded nanohydrogel for preventing postoperative recurrence of
hepatocellular carcinoma. J. Control Release 372, 141-154.

Kumagai, S., Itahashi, K., Nishikawa, H., 2024. Regulatory T cell-mediated
immunosuppression orchestrated by cancer: towards an immuno-genomic paradigm
for precision medicine. Nat. Rev. Clin. Oncol. 21 (5), 337-353.

Kuo, Y.J., Chung, C.H., Huang, T.F., 2019. From discovery of snake venom disintegrins to
A safer therapeutic antithrombotic agent. Toxins 11 (7).

Kwaan, H.C., Lindholm, P.F., 2019. Fibrin and fibrinolysis in cancer. Semin. Thromb.
Hemost. 45 (4), 413-422.

Landers, C.T., Tung, H.Y., Knight, J.M., et al., 2019. Selective cleavage of fibrinogen by
diverse proteinases initiates innate allergic and antifungal immunity through CD11b.
J. Biol. Chem. 294 (22), 8834-8847.

Lasser, S.A., Ozbay Kurt, F.G., Arkhypov, L, et al., 2024. Myeloid-derived suppressor cells
in cancer and cancer therapy. Nat. Rev. Clin. Oncol. 21 (2), 147-164.

Laurent-Issartel, C., Landras, A., Agniel, R., et al., 2024. Ascites microenvironment
conditions the peritoneal pre-metastatic niche to promote the implantation of

10

Critical Reviews in Oncology / Hematology 207 (2025) 104625

ovarian tumor spheroids: Involvement of fibrinogen/fibrin and «V and a5p1
integrins. Exp. Cell Res. 441 (1), 114155.

Lee, Y.S., Choi, L., Ning, Y., et al., 2012. Interleukin-8 and its receptor CXCR2 in the
tumour microenvironment promote colon cancer growth, progression and
metastasis. Br. J. Cancer 106 (11), 1833-1841.

Li, S., Dan, X., Chen, H., et al., 2024. Developing fibrin-based biomaterials/scaffolds in
tissue engineering. Bioact. Mater. 40, 597-623.

Li, C., Fan, Z., Guo, W., et al., 2023b. Fibrinogen-to-prealbumin ratio: a new prognostic
marker of resectable pancreatic cancer. Front. Oncol. 13, 1149942.

Li, C., Jiang, P., Wei, S., et al., 2020. Regulatory T cells in tumor microenvironment: new
mechanisms, potential therapeutic strategies and future prospects. Mol. Cancer 19
(1), 116.

Li, J.J., Wang, J.H., Tian, T., et al., 2023a. The liver microenvironment orchestrates
FGL1-mediated immune escape and progression of metastatic colorectal cancer. Nat.
Commun. 14 (1), 6690.

Lin, G.T., Ma, Y.B., Chen, Q.Y., et al., 2021. Fibrinogen-albumin ratio as a new promising
preoperative biochemical marker for predicting oncological outcomes in gastric
cancer: a multi-institutional study. Ann. Surg. Oncol. 28 (12), 7063-7073.

Lipitsd, T., Siiskonen, H., Naukkarinen, A., et al., 2019. Mast cell chymase degrades
fibrinogen and fibrin. Br. J. Dermatol. 181 (2), 296-303.

Liu, B.Q., Bao, Z.Y., Zhu, J.Y., et al., 2021b. Fibrinogen-like protein 2 promotes the
accumulation of myeloid-derived suppressor cells in the hepatocellular carcinoma
tumor microenvironment. Oncol. Lett. 21 (1), 47.

Liu, Y., Cao, X., 2016. Characteristics and significance of the pre-metastatic niche. Cancer
Cell 30 (5), 668-681.

Liu, Z.L., Chen, H.H., Zheng, L.L., et al., 2023a. Angiogenic signaling pathways and anti-
angiogenic therapy for cancer. Signal Transduct. Target Ther. 8 (1), 198.

Liu, Q., Fang, S., Liang, S., et al., 2020. The prognostic role of a combined fibrinogen and
inflammation-based index in patients with metastatic breast cancer. Transl. Cancer
Res. 9 (11), 7065-7078.

Liu, J., Geng, X., Hou, J., et al., 2021a. New insights into M1/M2 macrophages: key
modulators in cancer progression. Cancer Cell Int. 21 (1), 389.

Liu, Y., Huang, B., Yuan, Y., et al., 2007. Inhibition of hepatocarcinoma and tumor
metastasis to liver by gene therapy with recombinant CBD-HeplI polypeptide of
fibronectin. Int. J. Cancer 121 (1), 184-192.

Liu, Y., Mao, D., Wang, H., et al., 2023b. Formation of pre-metastatic niches induced by
tumor extracellular vesicles in lung metastasis. Pharmacol. Res. 188, 106669.

Liu, H., Qiu, G., Hu, F., et al., 2021c. Fibrinogen/albumin ratio index is an independent
predictor of recurrence-free survival in patients with intrahepatic
cholangiocarcinoma following surgical resection. World J. Surg. Oncol. 19 (1), 218.

Liu, H., Shalev, L., Manuel, J., et al., 2008. The FGL2-FcgammaRIIB pathway: a novel
mechanism leading to immunosuppression. Eur. J. Immunol. 38 (11), 3114-3126.

Liu, F., Wu, Q., Dong, Z., et al., 2023c. Integrins in cancer: Emerging mechanisms and
therapeutic opportunities. Pharmacol. Ther. 247, 108458.

Liu, Y., Xu, L., Zeng, Q., et al., 2012. Downregulation of FGL2/prothrombinase delays
HCCLMB6 xenograft tumour growth and decreases tumour angiogenesis. Liver Int. 32
(10), 1585-1595.

Liu, T.Y., Yan, J.S,, Li, X., et al., 2024. FGL1: a novel biomarker and target for non-small
cell lung cancer, promoting tumor progression and metastasis through KDM4A/
STAT3 transcription mechanism. J. Exp. Clin. Cancer Res. 43 (1), 213.

Liu, L.Z., Zhang, Z., Zheng, B.H., et al., 2019. CCL15 recruits suppressive monocytes to
facilitate immune escape and disease progression in hepatocellular carcinoma.
Hepatology 69 (1), 143-159.

Lohr, J., Ratliff, T., Huppertz, A., et al., 2011. Effector T-cell infiltration positively
impacts survival of glioblastoma patients and is impaired by tumor-derived TGF-p.
Clin. Cancer Res. 17 (13), 4296-4308.

Loscalzo, J., 1996. The macrophage and fibrinolysis. Semin. Thromb. Hemost. 22 (6),
503-506.

Lukacsi, S., Gerecsei, T., Baldzs, K., et al., 2020. The differential role of CR3 (CD11b/
CD18) and CR4 (CD11c/CD18) in the adherence, migration and podosome formation
of human macrophages and dendritic cells under inflammatory conditions. PLOS
One 15 (5), e0232432.

Luyendyk, J.P., Schoenecker, J.G., Flick, M.J., 2019. The multifaceted role of fibrinogen
in tissue injury and inflammation. Blood 133 (6), 511-520.

Ma, S., Wang, L., 2024. Fibrinogen-to-albumin ratio (FAR) is the best biomarker for the
overall survival of patients with non-small-cell lung cancer. Front. Oncol. 14,
1396843.

Mani, K., Deng, D., Lin, C., et al., 2024. Causes of death among people living with
metastatic cancer. Nat. Commun. 15 (1), 1519.

Masamune, A., Kikuta, K., Watanabe, T., et al., 2009. Fibrinogen induces cytokine and
collagen production in pancreatic stellate cells. Gut 58 (4), 550-559.

Melly, L., Banfi, A., 2022. Fibrin-based factor delivery for therapeutic angiogenesis:
friend or foe? Cell Tissue Res. 387 (3), 451-460.

Morris, A.B., Farley, C.R., Pinelli, D.F., et al., 2020. Signaling through the inhibitory Fc
receptor FcyRIIB Induces CD8(+) T cell apoptosis to limit T cell immunity. Immunity
52 (1), 136-150 e6.

Mosesson, M.W., 2005. Fibrinogen and fibrin structure and functions. J. Thromb.
Haemost. 3 (8), 1894-1904.

Murphy, J.M., Jeong, K., Cioffi, D.L., et al., 2021. Focal adhesion kinase activity and
localization is critical for TNF-a-induced nuclear factor-kB activation. Inflammation
44 (3), 1130-1144.

Naba, A., 2024. Mechanisms of assembly and remodelling of the extracellular matrix.
Nat. Rev. Mol. Cell Biol.

Ogata, Y., Heppelmann, C.J., Heppelmann, C.J., et al., 2006. Elevated levels of
phosphorylated fibrinogen-alpha-isoforms and differential expression of other post-


http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref13
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref13
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref13
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref14
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref14
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref14
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref15
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref15
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref15
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref16
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref16
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref17
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref17
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref18
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref18
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref19
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref19
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref19
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref20
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref20
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref20
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref21
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref21
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref22
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref22
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref23
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref23
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref23
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref24
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref24
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref24
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref25
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref25
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref26
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref26
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref27
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref27
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref27
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref28
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref28
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref29
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref29
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref29
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref30
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref30
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref30
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref31
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref31
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref31
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref32
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref32
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref32
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref33
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref33
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref33
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref34
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref34
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref34
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref35
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref35
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref36
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref36
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref37
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref37
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref37
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref38
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref38
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref39
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref39
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref40
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref40
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref40
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref41
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref41
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref41
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref42
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref42
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref43
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref43
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref44
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref44
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref44
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref45
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref45
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref46
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref46
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref46
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref46
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref47
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref47
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref47
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref48
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref48
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref49
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref49
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref50
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref50
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref50
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref51
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref51
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref51
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref52
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref52
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref52
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref53
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref53
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref54
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref54
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref54
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref55
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref55
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref56
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref56
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref57
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref57
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref57
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref58
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref58
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref59
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref59
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref59
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref60
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref60
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref61
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref61
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref61
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref62
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref62
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref63
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref63
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref64
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref64
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref64
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref65
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref65
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref65
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref66
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref66
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref66
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref67
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref67
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref67
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref68
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref68
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref69
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref69
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref69
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref69
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref70
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref70
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref71
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref71
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref71
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref72
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref72
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref73
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref73
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref74
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref74
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref75
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref75
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref75
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref76
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref76
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref77
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref77
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref77
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref78
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref78
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref79
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref79

Y. Zhang et al.

translationally modified proteins in the plasma of ovarian cancer patients.
J. Proteome Res. 5 (12), 3318-3325.

Ono, M., Matsubara, J., Honda, K., et al., 2009. Prolyl 4-hydroxylation of alpha-
fibrinogen: a novel protein modification revealed by plasma proteomics. J. Biol.
Chem. 284 (42), 29041-29049.

Ostapchuk, Y.O., Perfilyeva, Y.V., Kali, A., et al., 2022. Fc Receptor is involved in Nk cell
functional anergy induced by Miapaca2 tumor cell line. Immunol. Investig. 51 (1),
138-153.

Palumbo, J.S., Kombrinck, K.W., Drew, A.F., et al., 2000. Fibrinogen is an important
determinant of the metastatic potential of circulating tumor cells. Blood 96 (10),
3302-3309.

Palumbo, J.S., Talmage, K.E., Massari, J.V., et al., 2005. Platelets and fibrin(ogen)
increase metastatic potential by impeding natural killer cell-mediated elimination of
tumor cells. Blood 105 (1), 178-185.

Patras, L., Paul, D., Matei, I.R., 2023b. Weaving the nest: extracellular matrix roles in
pre-metastatic niche formation. Front. Oncol. 13, 1163786.

Patras, L., Shaashua, L., Matei, I., et al., 2023a. Immune determinants of the pre-
metastatic niche. Cancer Cell 41 (3), 546-572.

Peinado, H., Zhang, H., Matei, LR, et al., 2017. Pre-metastatic niches: organ-specific
homes for metastases. Nat. Rev. Cancer 17 (5), 302-317.

Peng, D., Tanikawa, T., Li, W, et al., 2016. Myeloid-derived suppressor cells endow stem-
like qualities to breast cancer cells through IL6/STAT3 and NO/NOTCH cross-talk
signaling. Cancer Res. 76 (11), 3156-3165.

Perisanidis, C., Psyrri, A., Cohen, E.E., et al., 2015. Prognostic role of pretreatment
plasma fibrinogen in patients with solid tumors: a systematic review and meta-
analysis. Cancer Treat. Rev. 41 (10), 960-970.

Ponath, V., Hoffmann, N., Bergmann, L., et al., 2021. Secreted ligands of the NK cell
receptor NKp30: B7-H6 is in contrast to BAG6 only marginally released via
extracellular vesicles. Int. J. Mol. Sci. 22 (4).

Popova, N.V., Jiicker, M., 2022. The functional role of extracellular matrix proteins in
cancer. Cancers 14 (1).

Porshneva, K., Papiernik, D., Psurski, M., et al., 2018. Combination therapy with DETA/
NO and clopidogrel inhibits metastasis in murine mammary gland cancer models via
improved vasoprotection. Mol. Pharm. 15 (11), 5277-5290.

Porshneva, K., Papiernik, D., Psurski, M., et al., 2019. Temporal inhibition of mouse
mammary gland cancer metastasis by CORM-A1 and DETA/NO combination
therapy. Theranostics 9 (13), 3918-3939.

Qian, W., Zhao, M., Wang, R., et al., 2021. Fibrinogen-like protein 1 (FGL1): the next
immune checkpoint target. J. Hematol. Oncol. 14 (1), 147.

Rahimi, A., Malakoutikhah, Z., Rahimmanesh, 1., et al., 2023. The nexus of natural killer
cells and melanoma tumor microenvironment: crosstalk, chemotherapeutic
potential, and innovative NK cell-based therapeutic strategies. Cancer Cell Int. 23
(D), 312.

Randerson-Moor, J., Davies, J., Harland, M., et al., 2024. Systemic inflammation, the
peripheral blood transcriptome, and primary melanoma. J. Investig. Dermatol.
Rappu, P., Suwal, U., Siljamaki, E., et al., 2022. Inflammation-related citrullination of

matrisome proteins in human cancer. Front. Oncol. 12, 1035188.

Ren, J.Y., Wang, D., Zhu, L.H., et al., 2024. Combining systemic inflammatory response
index and albumin fibrinogen ratio to predict early serious complications and
prognosis after resectable gastric cancer. World J. Gastrointest. Oncol. 16 (3),
732-749.

Selzner, N., Liu, H., Boehnert, M.U., et al., 2012. FGL2/fibroleukin mediates hepatic
reperfusion injury by induction of sinusoidal endothelial cell and hepatocyte
apoptosis in mice. J. Hepatol. 56 (1), 153-159.

Shang, C., Sun, Y., Wang, Y., et al., 2022. CXCL10 conditions alveolar macrophages
within the premetastatic niche to promote metastasis. Cancer Lett. 537, 215667.

Sharma, B.K., Mureb, D., Murab, S., et al., 2021. Fibrinogen activates focal adhesion
kinase (FAK) promoting colorectal adenocarcinoma growth. J. Thromb. Haemost. 19
(10), 2480-2494.

Shi, A.P., Tang, X.Y., Xiong, Y.L., et al., 2021. Immune checkpoint LAG3 and its ligand
FGL1 in cancer. Front. Immunol. 12, 785091.

Sinn, K., Mosleh, B., Grusch, M., et al., 2022. Impact of fibrinogen levels and modified
Glasgow prognostic score on survival of stage III/N2 non-small cell lung cancer
patients treated with neoadjuvant therapy and radical resection. BMC Cancer 22 (1),
1197.

Sleeboom, J.J.F., Van Tienderen, G.S., Schenke-Layland, K., et al., 2024. The
extracellular matrix as hallmark of cancer and metastasis: from biomechanics to
therapeutic targets. Sci. Transl. Med. 16 (728), eadg3840.

Smiley, S.T., King, J.A., Hancock, W.W., 2001. Fibrinogen stimulates macrophage
chemokine secretion through toll-like receptor 4. J. Immunol. 167 (5), 2887-2894.

Staton, C.A., Brown, N.J., Lewis, C.E., 2003. The role of fibrinogen and related fragments
in tumour angiogenesis and metastasis. Expert Opin. Biol. Ther. 3 (7), 1105-1120.

Su, K., Chen, F., Yan, W.M,, et al., 2008. Fibrinogen-like protein 2/fibroleukin
prothrombinase contributes to tumor hypercoagulability via IL-2 and IFN-gamma.
World J. Gastroenterol. 14 (39), 5980-5989.

Sulimai, N.H., Brown, J., Lominadze, D., 2022. Fibrinogen, fibrinogen-like 1 and
fibrinogen-like 2 proteins, and their effects. Biomedicines 10 (7).

Sun, L.L., Zhao, L.N., Sun, J., et al., 2024. Inhibition of USP7 enhances CD8(+) T cell
activity in liver cancer by suppressing PRDM1-mediated FGL1 upregulation. Acta
Pharmacol. Sin. 45 (8), 1686-1700.

Takada, Y., Ono, Y., Saegusa, J., et al., 2010. A T cell-binding fragment of fibrinogen can
prevent autoimmunity. J. Autoimmun. 34 (4), 453-459.

Tanaka, R., Saito, Y., Fujiwara, Y., et al., 2019. Preparation of fibrin hydrogels to
promote the recruitment of anti-inflammatory macrophages. Acta Biomater. 89,
152-165.

11

Critical Reviews in Oncology / Hematology 207 (2025) 104625

Tang, F., Tie, Y., Hong, W., et al., 2021. Targeting myeloid-derived suppressor cells for
premetastatic niche disruption after tumor resection. Ann. Surg. Oncol. 28 (7),
4030-4048.

Tian, T., Xie, X., Yi, W., et al., 2023. FBX038 mediates FGL1 ubiquitination and
degradation to enhance cancer immunity and suppress inflammation. Cell Rep. 42
(11), 113362.

Tran, H.C.M., Mbemba, E., Mourot, N., et al., 2024. The procoagulant signature of cancer
cells drives fibrin network formation in tumor microenvironment and impacts its
quality. Implications in cancer cell migration and the resistance to anticancer agents.
Thromb. Res. 238, 172-183.

Unruh, D., Horbinski, C., 2020. Beyond thrombosis: the impact of tissue factor signaling
in cancer. J. Hematol. Oncol. 13 (1), 93.

Verheul, H.M., Hammers, H., Van Erp, K., et al., 2007. Vascular endothelial growth factor
trap blocks tumor growth, metastasis formation, and vascular leakage in an
orthotopic murine renal cell cancer model. Clin. Cancer Res. 13 (14), 4201-4208.

Vidal, B., Ardite, E., Suelves, M., et al., 2012. Amelioration of Duchenne muscular
dystrophy in mdx mice by elimination of matrix-associated fibrin-driven
inflammation coupled to the aMp2 leukocyte integrin receptor. Hum. Mol. Genet. 21
(9), 1989-2004.

Vilar, R., Fish, R.J., Casini, A., et al., 2020. Fibrin(ogen) in human disease: both friend
and foe. Haematologica 105 (2), 284-296.

Vitale, I., Manic, G., Coussens, L.M., et al., 2019. Macrophages and metabolism in the
tumor microenvironment. Cell Metab. 30 (1), 36-50.

Wang, H., Chen, J., Chen, X., et al., 2024b. Cancer-associated fibroblasts expressing
sulfatase 1 facilitate VEGFA-dependent microenvironmental remodeling to support
colorectal cancer. Cancer Res.

Wang, Y., Jia, J., Wang, F., et al., 2024a. Pre-metastatic niche: formation, characteristics
and therapeutic implication. Signal Transduct. Target Ther. 9 (1), 236.

Wang, S., Liang, K., Hu, Q., et al., 2017. JAK2-binding long noncoding RNA promotes
breast cancer brain metastasis. J. Clin. Investig. 127 (12), 4498-4515.

Wang, Y.Y., Liu, Z.Z., Xu, D., et al., 2019b. Fibrinogen-albumin ratio index (FARI): a
more promising inflammation-based prognostic marker for patients undergoing
hepatectomy for colorectal liver metastases. Ann. Surg. Oncol. 26 (11), 3682-3692.

Wang, J., Sanmamed, M.F., Datar, I., et al., 2019a. Fibrinogen-like protein 1 is a major
immune inhibitory ligand of LAG-3. Cell 176 (1-2), 334-347 el2.

Wang, M., Zhang, G., Zhang, Y., et al., 2020. Fibrinogen alpha chain knockout promotes
tumor growth and metastasis through integrin-AKT signaling pathway in lung
cancer. Mol. Cancer Res. 18 (7), 943-954.

Willis, C.M., Nicaise, A.M., Menoret, A., et al., 2019. Extracellular vesicle fibrinogen
induces encephalitogenic CD8+ T cells in a mouse model of multiple sclerosis. Proc.
Natl. Acad. Sci. USA 116 (21), 10488-10493.

Wolberg, A.S., 2023. Fibrinogen and fibrin: synthesis, structure, and function in health
and disease. J. Thromb. Haemost. 21 (11), 3005-3015.

Wong, P., Foltz, J.A., Chang, L., et al., 2023. T-BET and EOMES sustain mature human
NK cell identity and antitumor function. J. Clin. Investig 133 (13).

Wu, L., Liu, X., Lei, J., et al., 2023. Fibrinogen-like protein 2 promotes tumor immune
suppression by regulating cholesterol metabolism in myeloid-derived suppressor
cells. J. Immunother. Cancer 11 (12).

Wu, Y., Span, L.M., Nygren, P., et al., 2015. The tyrosine kinase c-Src specifically binds to
the active integrin aiibp3 to initiate outside-in signaling in platelets. J. Biol. Chem.
290 (25), 15825-15834.

Wu, X., Yu, X., Chen, C., et al., 2024. Fibrinogen and tumors. Front. Oncol. 14, 1393599.

Xi, F., Sun, H., Peng, H., et al., 2024. Hepatocyte-derived FGL1 accelerates liver
metastasis and tumor growth by inhibiting CD8+ T and NK cells. JCI Insight 9 (13).

Xu, J., Li, S., Feng, Y., et al., 2022. The fibrinogen/albumin ratio index as an independent
prognostic biomarker for patients with combined hepatocellular
cholangiocarcinoma after surgery. Cancer Manag Res. 14, 1795-1806.

Xu, P., Yang, L., Sun, Y., et al., 2023. Correlation of preoperative fibrinogen/albumin and
postoperative C-reactive protein/albumin ratio with early complications after
radical resection of rectal cancer. Asian J. Surg. 46 (6), 2639-2640.

Ya, G., Ren, W,, Qin, R., et al., 2022. Role of myeloid-derived suppressor cells in the
formation of pre-metastatic niche. Front. Oncol. 12, 975261.

Yan, H., Liu, T., Yu, R., et al., 2024. The role of preoperative FPR and FAR in prognostic
evaluation of stages II and III radical colorectal cancer: a single-center retrospective
study. Medicine 103 (20), e38145.

Yan, J., Zhao, Q., Gabrusiewicz, K., et al., 2019. FGL2 promotes tumor progression in the
CNS by suppressing CD103(+) dendritic cell differentiation. Nat. Commun. 10 (1),
448.

Yan, J., Zhao, Q., Wang, J., et al., 2021. FGL2-wired macrophages secrete CXCL7 to
regulate the stem-like functionality of glioma cells. Cancer Lett. 506, 83-94.

Yang, F., Lee, G., Fan, Y., 2024. Navigating tumor angiogenesis: therapeutic perspectives
and myeloid cell regulation mechanism. Angiogenesis 27 (3), 333-349.

Yang, L., Li, T., Shi, H., et al., 2021. The cellular and molecular components involved in
pre-metastatic niche formation in colorectal cancer liver metastasis. Expert Rev.
Gastroenterol. Hepatol. 15 (4), 389-399.

Yang, C., Qian, Q., Zhao, Y., et al., 2023. Fibrinogen-like protein 1 promotes liver-
resident memory T-cell exhaustion in hepatocellular carcinoma. Front. Immunol. 14,
1112672.

Yang, M., Zhang, Z., Chen, J., et al., 2019. Soluble fibrinogen-like protein 2 promotes the
growth of hepatocellular carcinoma via attenuating dendritic cell-mediated
cytotoxic T cell activity. J. Exp. Clin. Cancer Res. 38 (1), 351.

Yang, W.M., Zhang, W.H., Ying, H.Q., et al., 2018. Two new inflammatory markers
associated with disease activity score-28 in patients with rheumatoid arthritis:
albumin to fibrinogen ratio and C-reactive protein to albumin ratio. Int.
Immunopharmacol. 62, 293-298.


http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref79
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref79
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref80
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref80
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref80
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref81
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref81
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref81
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref82
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref82
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref82
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref83
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref83
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref83
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref84
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref84
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref85
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref85
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref86
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref86
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref87
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref87
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref87
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref88
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref88
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref88
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref89
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref89
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref89
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref90
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref90
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref91
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref91
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref91
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref92
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref92
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref92
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref93
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref93
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref94
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref94
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref94
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref94
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref95
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref95
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref96
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref96
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref97
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref97
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref97
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref97
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref98
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref98
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref98
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref99
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref99
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref100
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref100
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref100
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref101
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref101
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref102
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref102
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref102
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref102
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref103
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref103
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref103
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref104
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref104
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref105
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref105
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref106
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref106
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref106
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref107
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref107
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref108
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref108
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref108
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref109
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref109
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref110
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref110
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref110
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref111
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref111
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref111
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref112
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref112
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref112
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref113
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref113
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref113
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref113
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref114
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref114
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref115
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref115
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref115
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref116
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref116
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref116
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref116
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref117
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref117
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref118
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref118
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref119
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref119
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref119
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref120
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref120
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref121
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref121
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref122
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref122
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref122
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref123
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref123
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref124
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref124
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref124
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref125
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref125
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref125
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref126
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref126
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref127
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref127
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref128
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref128
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref128
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref129
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref129
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref129
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref130
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref131
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref131
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref132
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref132
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref132
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref133
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref133
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref133
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref134
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref134
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref135
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref135
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref135
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref136
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref136
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref136
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref137
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref137
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref138
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref138
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref139
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref139
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref139
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref140
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref140
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref140
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref141
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref141
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref141
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref142
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref142
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref142
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref142

Y. Zhang et al.

Yao, W., Hu, X., Wang, X., 2024b. Crossing epigenetic frontiers: the intersection of novel
histone modifications and diseases. Signal Transduct. Target Ther. 9 (1), 232.

Yao, L., Sai, H.V., Shippy, T., et al., 2024a. Cellular and transcriptional response of
human astrocytes to hybrid protein materials. ACS Appl. Bio Mater. 7 (5),
2887-2898.

Yin, C., Kato, M., Tomita, T., et al., 2023. Suppression of CEBPS recovers exhaustion in
anti-metastatic immune cells. Sci. Rep. 13 (1), 3903.

Ying, H.Q., Chen, W., Xiong, C.F., et al., 2022. Quantification of fibrinogen-to-pre-
albumin ratio provides an integrating parameter for differential diagnosis and risk
stratification of early-stage colorectal cancer. Cancer Cell Int. 22 (1), 137.

Ying, H.Q., Liao, Y.C., Sun, F., et al., 2021. The role of cancer-elicited inflammatory
biomarkers in predicting early recurrence within stage II-III colorectal cancer
patients after curable resection. J. Inflamm. Res. 14, 115-129.

Yoneyama, T., Ohtsuki, S., Ono, M., et al., 2013. Quantitative targeted absolute
proteomics-based large-scale quantification of proline-hydroxylated a-fibrinogen in
plasma for pancreatic cancer diagnosis. J. Proteome Res. 12 (2), 753-762.

Yu, J., Li, J., Shen, J., et al., 2021. The role of fibrinogen-like proteins in cancer. Int. J.
Biol. Sci. 17 (4), 1079-1087.

Yuan, X., Li, Y., Zhang, A.Z., et al., 2020. Tumor-associated macrophage polarization
promotes the progression of esophageal carcinoma. Aging 13 (2), 2049-2072.

Yuan, X., Li, Y., Zhang, A.Z., et al., 2021. Tumor-associated macrophage polarization
promotes the progression of esophageal carcinoma. Aging 13 (2), 2049-2072.

Zeng, H., Hou, Y., Zhou, X., et al., 2022. Cancer-associated fibroblasts facilitate
premetastatic niche formation through IncRNA SNHG5-mediated angiogenesis and
vascular permeability in breast cancer. Theranostics 12 (17), 7351-7370.

Zeng, Z.,1i, Y., Pan, Y., et al., 2018. Cancer-derived exosomal miR-25-3p promotes pre-
metastatic niche formation by inducing vascular permeability and angiogenesis. Nat.
Commun. 9 (1), 5395.

Zhang, L., Chen, Q.G., Li, S.Q., et al., 2019. Preoperative fibrinogen to prealbumin ratio
as a novel predictor for clinical outcome of hepatocellular carcinoma. Future Oncol.
15 (1), 13-22.

Zhang, P., Ozdemir, T., Chung, C.Y., et al., 2011. Sequential binding of aVB3 and ICAM-1
determines fibrin-mediated melanoma capture and stable adhesion to CD11b/CD18
on neutrophils. J. Immunol. 186 (1), 242-254.

Zhang, X., Qiu, X., Yin, H., et al., 2023b. The combination of preoperative fibrinogen-to-
albumin ratio and postoperative TNM stage (FAR-TNM) predicts the survival in
gastric cancer patients after gastrectomy. Biomarkers 28 (8), 714-721.

Zhang, S., Rao, G., Heimberger, A., et al., 2023a. Fibrinogen-like protein 2: its biological
function across cell types and the potential to serve as an immunotherapy target for
brain tumors. Cytokine Growth Factor Rev. 69, 73-79.

Zhang, H., Ye, Y.L., Li, M.X,, et al., 2017. CXCL2/MIF-CXCR2 signaling promotes the
recruitment of myeloid-derived suppressor cells and is correlated with prognosis in
bladder cancer. Oncogene 36 (15), 2095-2104.

Zhao, B., Wu, M., Hu, Z., et al., 2020. Thrombin is a therapeutic target for non-small-cell
lung cancer to inhibit vasculogenic mimicry formation. Signal Transduct. Target
Ther. 5 (1), 117.

Zheng, S., Shen, J., Jiao, Y., et al., 2009. Platelets and fibrinogen facilitate each other in
protecting tumor cells from natural killer cytotoxicity. Cancer Sci. 100 (5), 859-865.

12

Critical Reviews in Oncology / Hematology 207 (2025) 104625

Zheng, Y., Wu, C., Yan, H., et al., 2020. Prognostic value of combined preoperative
fibrinogen-albumin ratio and platelet-lymphocyte ratio score in patients with breast
cancer: a prognostic nomogram study. Clin. Chim. Acta 506, 110-121.

Zhou, H., Zhu, C., Zhao, Q., et al., 2024. Wrecking neutrophil extracellular traps and
antagonizing cancer-associated neurotransmitters by interpenetrating network
hydrogels prevent postsurgical cancer relapse and metastases. Bioact. Mater. 39,
14-24.

Zhu, Y., Zhou, J., Feng, Y., et al., 2018. Control oF Intestinal Inflammation, Colitis-
associated Tumorigenesis, and Macrophage Polarization by Fibrinogen-like Protein
2. Front. Immunol. 9, 87.

Zong, L., Xu, H., Zhang, H., et al., 2024. A review of matrix metalloproteinase-2-sensitive
nanoparticles as a novel drug delivery for tumor therapy. Int. J. Biol. Macromol. 262
(Pt 2), 130043.

Yuxin Zhang A medical student in The Second Clinical Medical College, Nanchang Uni-
versity. The main research projects involve the tumor area.

Zelin Li A medical student in The First Clinical Medical College, Nanchang University. The
main research projects involve the tumor area.

Jiamao Zhang A medical student in The Second Clinical Medical College, Nanchang
University. The main research projects involve the tumor area.

Tatenda Mafa A postbaccalaureate student in The University of Kansas. The main research
projects involve the tumor area.

Jingyu Zhang A resident physician with experience in research on surgical treatment of
colorectal cancer.

Hui Zhu A resident physician with experience in research on the gastroenterological
treatment of colorectal cancer

Lifang Chen A medical student in Nanchang University and her main research projects
involve the tumor area.

Zhen Zong M.D. & Ph.D, Deputy Chief Physician. The main research projects involve the
diagnosis, surgical treatment, and prognostic analysis of colorectal cancer

Lingling Yang M.D. & Ph.D, Deputy Chief Physician. Doctor and researcher with expe-
rience in clinical medical treatment on digestive system diseases. The main research
projects involve molecular biology and clinical events in colorectal cancer liver metastasis.


http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref143
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref143
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref144
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref144
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref144
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref145
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref145
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref146
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref146
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref146
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref147
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref147
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref147
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref148
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref148
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref148
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref149
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref149
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref150
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref150
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref151
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref151
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref152
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref152
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref152
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref153
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref153
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref153
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref154
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref154
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref154
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref155
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref155
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref155
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref156
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref156
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref156
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref157
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref157
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref157
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref158
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref158
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref158
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref159
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref159
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref159
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref160
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref160
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref161
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref161
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref161
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref162
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref162
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref162
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref162
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref163
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref163
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref163
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref164
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref164
http://refhub.elsevier.com/S1040-8428(25)00013-7/sbref164

	Fibrinogen: A new player and target on the formation of pre-metastatic niche in tumor metastasis
	1 Introduction
	2 Fibrinogen induces an immunosuppressive PMN
	2.1 Fibrinogen induces macrophage recruitment and polarization
	2.2 Fibrinogen attenuates NK cell activity
	2.3 Fibrinogen-like protein (FGL) elicits immunosuppression
	2.3.1 FGL inhibits T cell activation and proliferation
	2.3.2 FGL promotes MDSCs recruitment

	2.4 Fibrinogen conversion to Fibrin promoting immune cells recruitment

	3 Fibrinogen promotes an inflammatory PMN
	4 Fibrinogen stimulates angiogenesis and vascular leakage in PMN
	5 Fibrinogen modulates ECM remodeling
	6 Fibrinogen post-translational modifications promote tumor progression
	7 Fibrinogen as a therapeutic target and prognostic biomarker
	8 Perspective
	9 Conclusion
	Abbreviations
	Funding
	Declaration of Competing Interest
	Acknowledgment
	References


