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The innate immune system is the first line of defense against invading pathogens and has a major role in clearing

transformed cells, besides its essential role in activating the adaptive immune system. Macrophages, dendritic cells, NK

cells, and granulocytes are part of the innate immune system that accumulate in the tumor microenvironment such as

breast cancer (BC). These cells induce inflammation in situ by secreting cytokines and chemokines that promote tumor

growth and progression, in addition to orchestrating the activities of other immune cells. In breast cancer

microenvironment, innate immune cells are skewed towards immunosuppression that may lead to tumor evasion.

However, the mechanisms by which immune cells could interact with breast cancer cells are complex and not fully

understood. Therefore, the importance of the mammary tumor microenvironment in the development, growth, and

progression of cancer is widely recognized. With the advances of using bioinformatics and analyzing data from gene

banks, several genes involved in NK cells of breast cancer individuals have been identified.
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1. Breast Cancer Heterogeneity and the Role of Immune Cells

Among all types of cancer, breast cancer is the most frequent type in women worldwide. Each year, this malignancy

affects more than two million women globally, which is the primary cause of death . In 2018, it is estimated that 627,000

women died from breast cancer, approximately 12% of all cancer deaths among women . Despite the advances in

management strategies in diagnosis and treatment, the high heterogeneity of this cancer makes it difficult to treat. Breast

cancer (BC) can be histologically classified to luminal A, luminal B, Her2 positive, basal-like, and normal-like, with respect

to the biomarkers status of estrogen receptor (ER), progesterone receptor (PR), and HER2 . It has been found that

triple negative breast cancer is the most aggressive and has the lowest overall survival rate between other types of breast

cancer . Besides, the tumor microenvironment (TME) plays a dual role in tumor progression and immune repression.

The tumor microenvironment influences immune cells to be activated and differentiated towards enhancing tumor

progression and favors inhibition of anti-tumor activities. However, the complete interaction between breast cancer cells

and the immune cells in the tumor microenvironment is not very well understood .

The cells of the immune system that are implied in the immune defense are components of either the innate or the

adaptive immune system. The first early response to a pathogen or transformed cells is a function of the innate immune

cells that act rapidly and non-specifically to an attack to prevent spreading of the foreign pathogen . The cells of the

innate immune system control and clear invasion via various mechanisms, such as release of cytotoxic molecules,

engagement of more immune cells, complement pathway activation, or activation of the phagocytosis process . In

cancer, tumor cells may release some cellular components that may activate the innate immune cells, which in turn

establish antitumor immunity in the microenvironment and hence induce tumor eradication .

The activation of innate immune cells results in the interplay of events that work together to control and destroy tumor

cells. For instance, upon encounter with transformed tumor cells, some immune cells such as macrophages and dendritic

cells become activated and release large amounts of pro-inflammatory cytokines such as IL-12, IL-15, and type 1

interferon (IFN) that activate natural killer (NK) cells and T helper cell differentiation . The activation of innate cells in

turn stimulates adaptive immune system by releasing large amounts of IFN-γ and chemokines including CCL3 and CCL4

. In addition, the release of IFN-γ and IL-12 is necessary to destroy tumor cells by switching anti-inflammatory M2

to M1 phenotype, along with an increase of MHC I molecules on tumor cells . Therefore, understanding the cross

talk among these cell types and tumor cells can advance the knowledge of how immune cells infiltrate into the tumor

microenvironment, which may help in choosing the best personalized immunotherapy therapeutic approaches.
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2. Components of the Tumor Microenvironment

Apart from tumor cells present in breast cancer, the tumor microenvironment (TME) contains other cells such as

fibroblasts and immune cells, extracellular matrix (ECM), blood vessels, and some signaling molecules . TME is

important for tumor angiogenesis, immune cells’ inhibition, escape from immune surveillance, as well as tumor

proliferation and survival. ECM plays a major role in breast cancer microenvironment, as it provides the physical support

to solid tumors by its protein components such as collagen and proteoglycan. Additionally, ECM is rich in several growth

factors that can regulate angiogenesis and inflammation . In advanced stages, ECM becomes disrupted and

dysregulated allowing tumor growth by metalloproteinases (MMPs), aiding in cells migration from or into the TME, and

thus assisting tumor metastasis .

In addition to ECM disruption, rapid growing tumors lack sufficient blood supply, creating a hypoxic and acidic

environment. This environment will induce tumor cells to release vascular endothelial growth factor (VEGF) and other

angiogenic molecules, causing the formation of new blood vessels from the existing vessels for the tumor , as shown

in Figure 1. Furthermore, the newly formed vessels have irregular wall layers, making them leaky with disrupted blood

flow, thus providing inadequate blood and nutrient supply that further enhances angiogenesis and tumor growth .

TME makes a niche for the proliferation of tumor cells and the neighboring different types of cells such as endothelial and

immune cells. The interaction between cancer cells and immune cells promotes modifications in the tumor

microenvironment, which induce tumor angiogenesis, growth, progression, and metastasis . Moreover, immune cells

secrete chemokines and cytokines that attract other cells into the microenvironment, consequently contributing to tumor

progression . The immune cells could inhibit or promote tumor growth and their possible dual roles have been

previously investigated intensively. For instance, immune suppressive TME has been reported to be essential for tumor

survival and growth. Indeed, the importance of immune cells is illustrated by the fact that chronic inflammation correlates

with a higher chance of tumor incidence . For this reason, innate immune cells present in the tumor microenvironment

such as macrophages, myeloid-derived suppressive cells (MDSC), and neutrophils are associated with

immunosuppression, poor prognosis, and tumor progression . On the other hand, the presence of other innate immune

cells such as NK cells in TME indicates good prognosis and tumor clearance. Therefore, understanding the TME

development and its components, as well as the interaction between various cell types in TME is quite crucial for

development and progress of breast cancer (Figure 1).

Figure 1. Breast tumor microenvironment (TME). Interaction among breast cancer cells and different processes involved

in tumor microenvironment development. These include angiogenesis, tumor metastasis, ECM degradation and

remodeling, cytokines and chemokines release, hypoxia, and VEGF release.
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3. Effects of Innate Immune Cells on Breast Cancer Microenvironment

The effect of the immune cells on breast cancer growth and survival depends on both the subtype of cancer and the

presence of inflammatory cells in the breast cancer microenvironment . Breast cancer cells interact with various types

of immune cells, among which are innate immune cells including monocytes, macrophages, NK cells, and neutrophils.

These immune cells can regulate tumor cells proliferation, development, and progression. In the initial stages, continuous

cell death occurs at a great pace causing an inhibition of the immune system present in the tumor microenvironment.

Additionally, the clearance of the dead cells by the phagocytosis pathway may create an anti-inflammatory environment

which further inhibits the local immune system . On the contrary, inflammation could be induced by innate immune cells

upon encounter with transformed cells. For example, upon contact with tumor cells, macrophages become activated, thus

releasing inflammatory cytokines and chemokines such as TNF, IL-1, IL-6, IL-8, and IL-12 . In addition,

macrophages produce reactive oxygen species, nitrogen oxide species, and different growth factors promoting the

generation of an inflammatory environment. Other studies have reported that macrophages could suppress the activity of

anti-tumor immune cells and promote tumor progression, survival, and growth , as well as stimulate MDSCs to secrete

the anti-inflammatory cytokine IL-10 . Many clinical studies have shown that macrophages may increase the metastasis

of breast cancer into the lungs, which correlates with poor prognosis of this tumor . Moreover, recruitment of tumor

associated macrophages (TAMs) in the cancer environment may promote immunosuppression, angiogenesis, and cancer

protection from the cytokine-induced cell death due to activation of Akt pathway . It is worth mentioning that

lymphocytes play a crucial function in early tumor immune surveillance, via recognizing and killing early tumor cells, hence

preventing breast cancer tumorigenesis .

NK cells act as anti-tumor effectors by producing cytotoxic molecules which lyse tumor cells or by secreting large amounts

of cytokines and chemokines that can activate and recruit cells of the adaptive immune system . NK cells

become activated upon cross-linking and binding of their activating receptors and the target tumor cells, thus increasing

the threshold of activation signals above the inhibitory signals . NKG2D is an essential NK activating receptor that can

recognize tumor cells via binding to stress ligands (MICA, MICB, and ULBPs) expressed by transformed cells. However,

tumor cells try to evade NK cell activity by shedding these NKG2D ligands in order to obstruct NK cells from recognizing

tumor cells and performing their cytolytic activity, thus resulting in the escape of breast cancer cells .
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