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Abstract

In recent years, the field of premetastasis niche has attracted more and more
attention from international scholars and has become a hot research direc-
tion. This article summarizes the current research on the role of the preme-
tastasis niche, the components and formation mechanisms of the premetasta-
sis niche, and the research on the significance of the premetastasis niche to
the clinic. Effective cancer diagnosis and treatment strategies are important.
A series of research advances in this field are of great significance for further
elucidating the mechanism of tumor metastasis and designing more effective
cancer diagnosis and treatment strategies.
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1. Introduction

The tumor microenvironment is a complex and comprehensive system, which is
composed of many stromal cells, including fibroblasts, immune and inflammatory
cells, adipocytes, glial cells, smooth muscle cells, and some vascular cells. The most
common immune cells in the tumor microenvironment are tumor-associated ma-
crophages (TAM) [1].

The tumor creates a microenvironment suitable for metastasis in the distant
organ, that is the premetastasis niche [2]. Metastatic microenvironment is a tumor
produced by the complex interaction of tumor-derived factors, tumor-mobilized
bone marrow-derived cells, and host primary stromal cells. This article summa-
rizes the current research on the role of the premetastasis niche, the components,

the formation mechanisms of the premetastasis niche, and the significance of the
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microenvironment to the clinic. From this study, we can know enhanced permea-
bility, lymphangiogenesis, organ ophilicity, and reprogramming, which will make
you understand the mechanisms that promote tumor metastasis. The in-depth
understanding of the microenvironmental effects, characteristics, and formation
mechanisms of tumor metastasis through this study has guiding significance for

the future treatment of metastatic cancer.

2. Research on the Function of Premetastasis Niche

Metastasis refers to the migration of tumor cells to an area that is not directly
adjacent to the primary tumor. Tumor cells can spread through blood and lym-
phatic vessels, or penetrate directly into the spaces and spread around organs.
Metastasis is a multi-stage process that requires tumor cells to shed from the
primary foci, survive in circulation and grow in distant locations. Every stage
of this process is affected by the tumor cells themselves and the tumor micro-
environment. Some people believe that metastasis is a late-onset event in tumor
development and is related to tumor volume [3]. More and more research evi-
dences showed that the primary tumor can induce the formation of the second
organ supportive microenvironment (pre-metastatic microenvironment), the-
reby promoting tumor metastasis [4] [5] [6]. The primary tumor will create a
favorable microenvironment for the subsequent tumor metastasis in the dis-
tant organ or tissue, that is the pre-metastatic microenvironment. The forma-
tion of the premetastasis niche requires the interaction of tumor-derived fac-
tors, bone marrow-derived cells mobilized by the tumor, and local mesenchymal
cells.

Proteases in the microenvironment provide a material basis for tumor metas-
tasis. Tumor metastasis is accompanied by a variety of proteolytic activation,
and this process is performed by a series of protein kinases, which is widely ac-
cepted. The matrix metalloproteinase (MMP) family is currently the most widely
studied and considered to be the most closely related protease in tumors, be-
cause it is often up-regulated in tumors and can degrade ECM after secretion or
localization on the cell surface, thus destroy the histological barrier of tumor cell
invasion [3]. Hematopoietic stem cells overexpressing MMP9 induce malignant
transformation of normal tissues and establish a pre-metastatic microenviron-
ment, pre-metastatic niche plays an important role. The expression and secretion
of MMP?9 are regulated by VEGF and the chemokine ligand CXCL12/receptor
CXCR4 axis, and the last two of them are also important factors that constitute
the pre-metastatic microenvironment [7]. At the same time, CAF can secrete
chemokine ligands (CXCL1, CXCL2, CXCL5) and MMPs (MMP3, MMP12),
etc., while TAM can secrete MMP1, MMP2, MMP7, MMP9, MMP12, MMP14, a
large part of which are related to tumors, the occurrence, development and neo-
vascularization are closely related [8]. In addition, studies have shown that most
MMPs produced by stromal cells are generally elevated in tumor cells and are

associated with tumor infiltration and metastasis. Because MMPs can decompose
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and reshape ECM and basement membrane (BM), they can promote tumor me-
tastasis. MMPs are also related to the cleavage of a large number of cell surface
molecules and soluble proteins, such as epithelial concept proteins, integrins, T
cells (CD44), interleukin-8 (IL-8), and membrane cofactor proteins (membran-
cecoprotein (MCP-3), chemokine stromal cell-derived factor (stromal-derived
factor-1, SDF-1), etc. [7]. Recently, other proteases that make up the tumor mi-
croenvironment have gradually received more attention. For example, the ca-
thepsin family, which functions similarly to MMPs, and some members are often
up-regulated during tumorigenesis. Once localized on the cell surface, can also
break down ECM and promote tumor metastasis [9].

Cathepsin is generally stable in the acidic environment of lysosomes and is
capable of breaking down a range of substrates. In addition, there is evidence
that cathepsin can also play a role in cells (such as cytosol, nucleus), cell surface
and extracellular cells [10]. Both intracellular and extracellular cathepsin can
cleave the major components of ECM and basement membrane, such as Lami-
nin, Fibronectin and Collagentype IV, thereby promoting tumor cell infiltration
and metastasis [11]. Although most cathepsin is constitutively expressed and func-
tions in the lysosome, some cathepsin are overexpressed in tumor cells (such as
cathepsin H, cathepsin L), and some are induced in non-tumor cells that consti-
tute the tumor microenvironment. Some studies have investigated the potential
application value of microenvironment before tumor metastasis and re-tumor
prevention and treatment, the research mainly discussed in two aspects: 1) By
blocking the generation of molecules that are beneficial to the formation of mi-
croenvironment before tumor metastasis; 2) Finding biomarkers that can predict

tumor metastasis [12] (as shown in Figure 1).
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Figure 1. Role of the pre-metastatic niche in the promotion of tumor [12].
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3. Research on the Formation Mechanism of
Premetastasis Niche

This paper describes the molecular and cellular composition of the microenvi-
ronment before tumor metastasis and its regulatory mechanisms. In situ tumors
can induce the formation of a microenvironment that is conducive to tumor cell
metastasis in specific organs and tissues before metastasis. The formation of the
microenvironment before tumor metastasis requires tumor secretion factors, mo-
bilization of suppressive immune cells, and matrix components of the tissue site.
The interaction of three major factors, including inflammatory polarization. In
addition, local hypoxia and extracellular matrix remodeling also promote the
formation of a microenvironment before tumor metastasis. At the same time,
the article comprehensively summarizes the key molecules and cellular compo-
nents that promote the formation of the microenvironment before tumor me-
tastasis and the underlying mechanisms, and first proposes six characteristics of
the microenvironment before tumor metastasis: immunosuppression, inflamma-
tory response, angiogenesis and permeability. Enhancement, lymphangiogenesis,
pro-organism, and reprogramming provide new insights into the mechanism of
the pre-metastatic microenvironment to promote tumor metastasis [12]. Each of
the six features of the tumor process, including tumor metastasis, can be cleared
by the immune system. CD8 + T cells, natural killer cells (NK), and atypical mo-
nocytes can prevent tumor metastasis without affecting the growth of the pri-
mary tumor [13]. Bone marrow-derived suppressor cells that accumulate in the
premetastasis niche can also pass ARG1 and production of reactive oxygen spe-
cies (ROS) inhibits anti-tumor T cells [14].

TNF receptor-2 can support bone marrow-derived suppressor cell-mediated
immunosuppressive processes, promote tumor cell planting, growth and metas-
tasis in the formation of a microenvironment before liver metastasis [15]. In lung,
bone marrow, a large increase in immuno suppressive and metastasis-promoting
T-regulatory cells has been demonstrated in a variety of cancers [16]. Metastatic
cells in the tissue such as alveolar macrophages pretreated by breast cancer cells,
can establish an immunosuppressive microenvironment by suppressing anti-tumor
T cells [17]. Chronic inflammation is an important factor in tumor development
and metastasis. There are many molecular components and signaling pathways
involved in regulating immune cells, inflammation, tumor growth and metastasis.
For example, abnormal activation of TLR4 signaling in tumor cells can lead to
inflammatory responses, tumor cell death resistance, and increase their prolife-
ration and invasion capabilities. Similarly, abnormal activation of TLR4 and
other innate immune cell sensing pathways leads to an inflammatory response
that promotes tumor progression and metastasis [18]. TNF-a-induced S100A8-
SAA3-TLR4 signaling pathway can also stimulate clara cells, thereby express-
ing SAA3 and maintaining the inflammatory state of the microenvironment be-
fore lung metastasis, to promote the occurrence of tumor lung met astasis [19].

CD11b + Gr-1 + cells in the microenvironment before lung metastasis can also
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express MMPs and TH2 cells factor, reducing the production of IFN-y, trans-
forming the microenvironment into an inflammatory and proliferative microen-
vironment [19]. Upregulation of IL-6 by TLR5 and the hypoxic environment in
the pre-metastatic microenvironment can drive tumor-promoted inflammatory
responses. Therefore, before circulating tumor cells reach the site of metastasis,
an inflammatory environment is established in the secondary site [20], which is
conducive to the planting, survival, and proliferation of tumor cells in the pre-
metastasis niche.

Enhanced angiogenesis and permeability, the microenvironment prior to me-
tastasis may increase angiogenesis and vascular permeability, thereby promoting
metastasis. TIE2 + monocytes and endothelial progenitor cells recruited in the
pre-metastatic microenvironment to create a pro-stimulatory agent with high con-
centrations of VEGF and other pro-angiogenic factors.

The microenvironment of angiogenesis can initiate angiogenesis and promote
the metastatic process in tumor progression [20]. In the pre-metastatic microen-
vironment, calcium-dependent phosphatase and activated T cell nuclear factor
(NFAT) pathways can be specifically activated by lung endothelium before tu-
mor cells arrive, due to NFAT-targeted angiogenin-2 (ANG-2), Leading to an in-
crease in lung metastasis [21]. In the early formation of the premetastasis niche,
miR105 secreted by metastatic breast cancer cells can damage the vascular en-
dothelial barrier through tight junction of targeted cell tight junction proteins,
thereby enhancing vascular permeability of distant organs and promoting me-
tastasis [22]. In addition, the epidermal growth factor receptor ligand epidermal
regulator, cyclooxygenase-2, MMP-1 and MMP-2 expressed by breast cancer cells
recombine a multifunctional vascular remodeling program to increase vascular
permeability and promote Pulmonary metastasis process [23].

Lymphangiogenesis in the premetastasis niche is an active step in tumor me-
tastasis, and lymphatic vessels may serve as a starting site for lymphatic disse-
mination of tumors. Clinical data show that tumor-derived VEGF-A and VEGF-D
generate lymphatic vessels before lymph node-induced metastasis, and are asso-
ciated with lymph node metastasis [24]. The mechanism of lymphatic metastasis,
especially the role of lymphatics in metastasis in the premetastasis niche is not
clear. In addition, the permeability of the lymphatic vessels and low lymphatic
flow further illustrate the importance of lymphangiogenesis in tumor metastasis.
Further analysis of the secreted proteins of LECs and the identification of key
components of lymphangiogenesis in metastasis can help us to explore new tar-
gets for inhibiting tumor metastasis. The organophilic feature is congenitally re-
lated to the pre-metastatic microenvironment, that is certain types of cancer can
easily transfer to specific organs through a selective microenvironment. Tumors
select specific organs for metastasis by secreting tumor-derived secretion factors
to change the adhesion molecules and extracellular matrix at these sites. Certain
factors can also promote metastasis by mobilizing bone marrow-derived cells to

specific secondary organs and establishing a microenvironment that facilitates
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metastasis. Therefore, the increase in molecular and cellular components selec-
tively in different pre-metastatic microenvironments makes tumor metastases
more organophilic. Reprogramming involves metastatic reprogramming, matrix
reprogramming, and gene reprogramming in tumor metastasis promoted by the
premetastasis niche. Differences in metabolic reprogramming determine where
tumor cells metastasize to organs. For example, thrombopoietin promotes metas-
tasis of colon tumor-initiating cells to the liver by increasing lysine metabolism in
tumor-initiating cells and promotes liver transplantation. This explains why co-
lon cancer preferentially and selectively metastasizes to the liver [25]. Tumor cells
may recruit and reprogram benign stromal cells to the pre-metastatic microenvi-
ronment to promote tumor growth and metastatic spread. The six characteristics
of the premetastasis niche make it capable of promoting tumor metastasis. In
addition, the pre-metastatic microenvironment also promotes metastasis in other
ways, such as providing survival signals to circulating tumor cells. For example,
VCAM-1 expressing tumor cells require a survival signal from macrophages be-
fore they metastasize in the lungs, and metastasize to the lungs through direct
intracellular action. In summary, Immunosuppression, inflammation, angioge-
nesis/vascular permeability, lymphangiogenesis, organophilic and reprogram-
ming may mediate function through different but integrated approaches, there-

by promoting tumor metastasis (as shown in Figure 2).

4. Research on the Clinical Significance of
Premetastasis Niche

Studies have shown that in a mouse model of breast cancer, the spread of tumor

cells has nothing to do with tumor size, and it has occurred before tumor invasion.
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Figure 2. Induction and formation of the pre-metastatic niche [11].
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In addition, even non-malignant positive mammary epidermal cells can survive
in the lungs for a long time, and will develop into (lung) metastases after rapid
or slow oncogene activation, which suggests that cell proliferation and planting
in other parts can be happened before the malignant change [26]. Recently, some
scholars believe that the primary tumor is nourished by circulating tumor cells.
According to this “self-implantation”, even in the early stages of tumorigenesis, a
large number of tumor cells have appeared in the circulation, and were found far
earlier than distant metastases [26]. Some research results have found that the
regulation of the microenvironment before liver metastasis, such as the activa-
tion of various cells, the regulation of immune responses, and changes in cyto-
kine levels, play a decisive role in the occurrence and development of liver me-
tastases in digestive system tumors [27].

Animal experiments have confirmed that a large number of inflammatory fac-
tors have accumulated in the lungs before the formation of lung metastases.
Changes in host target organs affect every step of metastasis formation. Bethan
Psaila and David Lyden proposed the pre-metastatic niche and metastatic niche
hypotheses for this soil change process, pointing out that soil changes are the
guarantee of metastasis formation. The hypothesis quickly caused a sensation in
the tumor research community. Studying this series of changes in cell and mo-
lecular biology will help clarify the complex process of tumor metastasis and
bring new ideas for metastatic intervention [28]. By screening the model of spon-
taneous lung metastasis of tumors in situ established by innate immune recep-
tor-deficient mice, it was found that TLR3 innate immune receptor-deficient mice
had significantly reduced tumor lung metastasis and prolonged survival of tu-
mor-bearing mice (p < 0.05). In-depth research shows that the natural immune
receptor TLR3 expressed by type II lung epithelial cells recruits neutrophils to
accumulate in the lungs by recognizing exosomal RNA secreted by the tumor
into the blood circulation and triggering inflammatory reactions such as chemo-
kine release. An inflammatory microenvironment was formed locally in the lungs,
creating conditions for tumor lung metastasis. This discovery provides new in-
tervention targets and ideas for tumor treatment, especially tumor metastasis
prevention and treatment [29]. The continued survival of tumor cells is the main
rate-limiting link in the process of tumor metastasis. Similar to the tumor micro-
environment, the local microenvironment of the organ before metastasis (preme-
tastasis niche) provides a suitable environment for the survival of tumor cells
and is an important condition for the continued survival and proliferation of
tumor cells in remote organs. Myeloid-derived suppressor cells (MDSCs) are the
key components in this environment, and their pre-metastatic microenviron-
ment in tumor cell colonization and metastasis is promoted by proliferation, in-
flammation, immunosuppression, and vascular remodeling. Foci play an impor-
tant role in the formation of foci and are potential targets for anti-tumor metas-
tatic therapy. MDSCs are activated by signal pathways such as SIPR1-STAT3

and TGEFp under the action of various factors secreted by tumor cells and are re-
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cruited into the pre-metastatic microenvironment. They secrete a variety of pro-
proliferative, pro-inflammatory, and immunosuppressive factors and make local
blood vessels highly permeable. Constructing a premetastasis niche that can pro-
mote the recruitment, planting and expansion of tumor cells, and provide condi-
tions for the formation of metastases. Intervening the accumulation of MDSCs
in the pre-metastatic microenvironment can inhibit early tumor metastasis, which
is an innovation in tumor treatment concepts and methods, and has great signi-

ficance for the long-term survival of tumor patients [30].

5. Conclusion

A better understanding of the premetastasis niche formation mechanisms, iden-
tification of the function and characteristics, and their effect on tumor metastasis
will provide invaluable insights and new strategies for preventing and treating
metastatic cancer. The tumor microenvironment affects the biological characte-
ristics of tumor cells through the action of specific factors. In-depth research on
the signaling and molecular mechanisms of the interaction between tumor cells
and the microenvironment will provide us with more information to study the
reversion of malignant phenotypes of tumor cells and the maintenance of normal
gene phenotypes for the diagnosis and treatment of tumors that provide new

ways.
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