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Metastasis is considered one of the hallmarks of cancer and enhanced tumor invasion and metastasis is
significantly associated with cancer mortality. Metastasis occurs via a series of integrated processes involving
tumor cells and the tumor microenvironment. The innate immune components of the microenvironment have been
shown to engage with tumor cells and not only regulate their proliferation and survival, but also modulate the

surrounding environment to enable cancer progression.
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| 1. Tumor Invasion and Metastasis

Metastasis is the general term used to describe the spread of cancer cells from the primary tumor to distant sites in
the body and was reported by Hanahan and Weinberg as one of the hallmarks of cancer [l It has been reported
that approximately 90% of cancer deaths are associated with metastases 23, While metastasis has been
considered to occur in later stages of disease progression, accumulation of earlier events during metastatic
dissemination has been reported prior to clinically detectable tumors ¥ and is one factor responsible for the

concept of cancer with unknown primary.

The “metastatic cascade” describes the processes and restrictive bottlenecks through which tumor cells acquire
cellular traits that allow them to exit primary tumor site and to travel and colonize distant organs. It involves major
steps including local invasion, intravasation, and extravasation, which are well recognized in cancer WEI8! (Figure
1)
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3. Tumor cells exit primary tumor site and enter circulation
via Blood and lymphatic vessels. 4. Extravasation

1. Tumor cells profiferate locally and accumulate
genetic alterations and stimulate angiogenesis.
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4. Tumor cells survive and exit the circuwlatory system, escope
the immune system and persist in a relatively sifent state while
retaining a stem-like tumor initioting copacity.

5. Tumar cells adapt to local environment by reaching a supportive
niche and finally establish a clinically detectable metastatic disease.

Figure 1. The tumor metastatic cascade. The “metastatic cascade” describes the processes and restrictive
bottlenecks through which tumor cells acquire cellular traits, allowing them to exit the primary tumor site and
migrate to distant organs which they then colonize. This occurs via a series of steps including local invasion,

intravasation, and extravasation. EMT: epithelial-mesenchymal transition. ECM: extracellular matrix.

Local invasion occurs when tumor cells proliferate, accumulate genetic alterations, stimulate angiogenesis, and
undergo epithelial-mesenchymal transition (EMT) locally. This result in the loss of cell-cell adhesion, degradation of
the extracellular matrix (ECM), and basement membrane and allows for increased motility of the tumor cells to

invade the adjacent stroma and is an important trait of malignancy &,

In addition to the reliance on the blood supply of their host, tumor cells secrete angiogenic factors inducing
abnormal vasculatures that are often leaky and immature . These features result in tumor hypoxia which drives
EMT of tumor cells and provide a route for mesenchymal cells to enter blood circulation; hence, there is a process
of intravasation B9 |ymphatic intravasation is an alternative pathway by which tumor cells can enter the

circulation and metastasis to regional and distant lymph nodes 111,
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The following step of the cascade is successful extravasation . This requires tumor cells (A) to survive and exit
the circulatory system, (B) to escape the immune system and persist in a relatively silent state while retaining a
stem-like tumor initiating capacity, until (C) they adapt to local environment by reaching a supportive niche, and
finally (D) establish a clinically detectable metastatic disease . The majority of disseminated cells from primary
tumors are eliminated by the immune system in circulation and in distant organs or remain dormant at metastatic
sites and only very few develop into metastatic tumors 22131, Syccessful establishment of these metastatic tumors
require tumor cells to metastasize to a favorable local microenvironment, as described by the “seed and soil”
hypothesis 141,

2. Metastasis Modulated by Tumor Microenvironment and
Immunity

While tumor cell-intrinsic factors including tumor heterogeneity are known to drive invasion and metastasis,
extrinsic factors within the tumor microenvironment (TME) have been shown to play critical roles in determining the
fate of cancer progression 22, The stromal components of the TME are composed of several cell populations,
including immune cells, fibroblasts, and endothelial cells 28, The interaction between these cell types and the

ECM, vascular distribution, oxygen (hypoxia), nutrients, and chemokines further complicates the tumor milieu 7,

The immune system has been demonstrated to shape the local TME 28 and contributes not only to the elimination
of tumor cells, but may also be subverted to support their invasion and metastasis 2229 Under normal conditions,
the Cancer-Immune cycle involving the dynamic communication of both innate and adaptive immune systems is
activated to remove malignant cells in a process known as immune surveillance (2L, This cycle initiates as neo-
antigens are taken up by antigen-presenting cells (APCs) of the innate immune system and presented to the
adaptive immune system to acquire specific recognition of tumor cells. These activated T cells then migrate to the
tumor site allowing them to target the tumor cells expressing these neo-antigens. Effector molecules such as
interferon gamma (IFN-y), tumor-necrosis factor alpha (TNF-a), as well as recognizing molecules (e.g., NKG2D)
have been shown to be important in this process (22231, Functional immune surveillance results in the elimination of
tumor cells; however, this is often disrupted or hijacked by cancer cells at multiple different points resulting in
immune escape 2124, possible routes include, but are not limited to, (A) downregulation or impairment of antigen
presentation ability 28], (B) recruitment of pro-tumorigenic immune cells and secretion of inflammation-regulating
cytokines by cells in the TME [28 and (C) upregulation of the expression of immune inhibitory molecules to
suppress immune cell cytotoxicity 27, Approaches that aim to restore an effective Cancer-Immune cycle are being
investigated and are referred to as immune checkpoints 24,

Innate immunity (e.g., dendritic cells, macrophages, neutrophils, and natural killer cells) represents the first line of
defense and rapid response to foreign substances and in anti-tumor activities 281, However, these immune cells
have also been shown to drive cancer-associated inflammation Xl and to participate in several steps of the
metastatic cascade from reorganizing ECM 22 modulating vessel formation and permeability &, and influencing
cancer cell motility and states BBl (Figure 2). This remainder of this review summarizes known characteristics of

innate immune cell populations on tumor invasion and metastasis and discusses recent advances in the field.
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Figure 2. Role of innate immune cells during the metastatic cascade. Different populations of innate immune cells
are involved in different stages of the metastatic cascade both locally and in distant organs/tissues, including
regulating the survival and proliferation of tumor cells and assisting in the establishment of a permissive tissue
environment enabling tumor cell invasion and migration. DC: dendritic cell. TAM: tumor-associated macrophage.
TAN: tumor-associated neutrophil. M- and G-MDSC: monocytic and granulocytic-myeloid-derived suppressor cells.
MC: mast cell. NK: natural killer. ILC: innate lymphoid cell. EMT: epithelial-mesenchymal transition. ECM:

extracellular matrix.
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