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Various factors contributing to breast cancer progression and metastasis (Feng et al., 2018; Park et al., 2022). One of these factors is the presence of inflammatory tumor microenvironment (TME), which composed of cellular components (e.g., cancer cells, immune cells, endothelial cells, fibroblasts, mast cells) and non-cellular components (e.g., extracellular matrix proteins, cytokines, chemokines, signal molecules), and it differs significantly from the normal tissue microenvironment in terms of low vascular density, hypoxia, weak acidity, and reducibility (Zarrilli et al., 2020). Breast cancer cells control the function of TME components via the expression of cytokines that can increase self-proliferation, growth, and treatment resistance in an autocrine form, and encourage recruitment, activation, and differentiation of other cells in the TME in a paracrine approach as IL-6, IL-8, and even VEGF (Malla and Kiran, 2022; Nengroo et al., 2022; Habanjar et al., 2023). Even though these cytokines frequently alert immune cells to the presence of infections and tissue damage, these cytokines drive immune cells to express additional cytokines that function in both autocrine and paracrine pathways, resulting in a chronic inflammatory state that promotes cancer progression (Briukhovetska et al., 2021; Kartikasari et al., 2021). Other extrinsic components, like the microbiome and virome, also play a role in the changes in the breast TME (Eslami et al., 2020; Aggarw et al., 2023; Gao et al., 2023). These extrinsic viral infections create an inflammatory environment that prepare the niche for cancer initiation, promotion and progression. Indeed, onco- and oncomodulatory viruses, such as Epstein bar virus (EBV) and human cytomegalovirus (HCMV), have been demonstrated in recent research to influence the pathophysiology of breast cancers by influencing cell signaling, cell metabolism, apoptosis, angiogenesis, cell-cell communication, inflammation, and antitumor immune suppression (Richardson et al., 2015; Mohamed et al., 2022). There are viral proteins can mimic and interfere with cytokines associated with carcinogenesis in the host cell, these proteins called Virokines (Smith and Kotwal, 2001). Virokines have a significant role in promoting the proliferation, angiogenesis, and metastasis of breast cancer cells (Bishop et al., 2015; Valle Oseguera and Spencer, 2017). Moreover, virokines and other related molecules can modulate the immune evasion of breast and other types of cancer cells (Roetman et al., 2022; Yu et al., 2023). These findings have opened up new possibilities for targeting virokines as a novel therapeutic approach for treatment of breast cancer. The interaction between these cytokines and virokines reshape the inflammatory TME in breast cancer resulting in activation of various signaling pathways, such as the NF-κB and STAT3 pathways (El-Shinawi et al., 2013; Valle Oseguera and Spencer, 2014). One of the key cytokines implicated in the inflammatory TME of breast cancer is tumor necrosis factor alpha (TNF-α) that promotes breast cancer cell survival and proliferation, angiogenesis, and metastasis via activating NF-κB and MAPK pathways (Mercogliano et al., 2020). Furthermore, TNF-α induces the production of other pro-inflammatory cytokines, initiating a positive feedback loop that sustains the inflammatory TME (Laha et al., 2021). Another important cytokines involved in breast cancer progression are interleukin-6 (IL-6), interleukin 8 (IL-8), and monocyte chemoattractant protein 1 (MCP-1) (Todorović-Raković and Milovanović, 2013; Manore et al., 2022; Chen et al., 2022; Yoshimura et al., 2023). IL-6 increases breast cancer cell survival, invasion, and immune evasion via activation of STAT3 pathway (To et al., 2022). Furthermore, IL-6 has been linked to the expansion of breast cancer cells stemness, contributing to anticancer therapy resistance and disease recurrence (Chen et al., 2022). Similar to the effects of human IL-6 viral interleukin-6 (vIL-6) produced by certain viruses can promote cancer cell proliferation, angiogenesis, and immune evasion (Chatterjee et al., 2002). Understanding the interplay of these cytokines and virokines within the inflammatory TME is crucial for developing targeted therapies to disrupt the pro-tumorigenic signaling cascades and restore anti-tumor immune responses. This deeper understanding holds promise for the development of more effective treatments that could potentially halt breast cancer progression and metastasis.
This Research Topic collection includes four original research articles coauthored by 23 researchers. We aimed to provide original research highlight the potential role of inflammatory TME in breast cancer progression and metastasis, focusing on molecular mechanisms underlining breast cancer inflammatory microenvironment, inflammatory cytokines as regulators to breast cancer poor prognosis, links between inflammation and breast cancer metastasis, crosstalk between different cells within the TME, genetic alterations/instabilities affecting breast cancer inflammatory microenvironment, potential role of the microbiome in breast inflammatory TME, and understanding the role of oncomodulatory viruses and their expressed virokines in breast cancer metastatic cascade.
Understanding the plasticity of macrophages and their ability to switch between pro-inflammatory and anti-inflammatory polarization states in response to cellular signaling within TME may provide a comprehensive evaluation of the complexity of immune regulation in breast cancer progression. Mas-Rosario et al. generated and validate an eGFP reporter cell line based on inducible nitric oxide synthase (iNos) promoter activity in RAW264.7 cells (RAW:iNos-eGFP) for tracking macrophage responses in breast cancer models. The RAW:iNos-eGFP reporter cell line was used to compare macrophage responses to two 4T1 and EMT6 murine TNBC cells using two experimental formats, conditioned media (CM) and two-dimensional (2D) mono-layer co-culture. However, the obtained results showed high sensitivity of the reporter and highlight the relevance of cell-to-cell interactions in macrophages polarization within the TME. The study evaluates the ability of RAW:iNos-eGFP to reprogram within TME via using pyrimido (5,4-b)indole (PBI1), a Tlr-4 agonist known to activate macrophages to M1-like phenotypes and enhance their anti-cancer behavior. In addition, PBI used to affect RAW:iNos-eGFP macrophages co-cultured with either 4T1 or EMT6 spheroids. The results showed that macrophages can be reprogrammed at the tumor site, and the reporter can be used to track these changes, even in more complex models of the TME.
The application of computational image analysis for quantification of the immune marker density and distribution within the breast TME may provide insights into the prognostic significance of specific immune cell subtypes in breast cancer outcomes. Study of Ren et al. utilized the image registration technique to pathological image research and attempted to assess multiplex immunofluorescence images of serial breast cancer tissue sections and IHC staining at the level of region alignment. Some biomarkers (such as CD3 and CD4) and the colocalization of immune cells (such as the colocalization of CD8 and CD163, or tumor cells and CD3/CD4/CD8) showed a significant association with TNBC patient survival, which revealed the prognostic value of the inflammatory TME and the potential application of image registration to breast cancer prognosis.
Assessing of the crucial roles of Bone morphogenetic proteins (BMPs) and their signaling pathways in the tumorigenesis and metastasis of breast cancer is needed. Liu et al. provide a comprehensive analysis using TCGA-BRCA and E-MTAB-6703 cohorts to evaluate the expression of BMPs proteins in breast cancer tissues and their association with the disease progression and metastasis. This study revealed that BMP8B was significantly increased, while BMP6 and ACVRL1 were decreased in breast cancer tissues. In addition, the expressions of BMP2, BMP6, TGFBR1, and GREM1 were significantly associated with poor patient overall survival. Precisely, BMP2, BMP6 and GDF5 were higher expressed in TNBC, whilst BMP4, GDF15, ACVR1B, ACVR2B, and BMPR1B were relatively higher in Luminal breast cancer. In addition, ACVR1B, and BMPR1B were positively correlated with ERα but were inversely correlated with ERβ. The expression of GDF15, BMP4, and ACVR1B was associated with poorer HER2-positive breast cancer patients’ overall survival. This nuanced analysis of BMPs signaling paves the way for targeted therapeutic interventions.
Despite Interleukin 17 (IL-17) has a key role in inflammatory responses, there are inconsistent studies on the crucial role in of Interleukin 17 (IL-17) in TME of breast cancer. Results of Popović et al. revealed that serum concentrations of IL-17A was significantly higher in early breast cancer patients before surgery, and even during adjuvant treatment compared to healthy volunteers with no significant association to carcinoma tissue IL-17A expression. In addition, postoperatively there was a significant decrease of serum IL-17A concentrations even in patients with relatively lower preoperative values. A significant negative correlation was found between serum IL-17A concentrations and the tumor estrogen receptor expression. These findings indicate that the immune response in early breast cancer is influenced by IL-17A, particularly in triple-negative breast cancer. The inflammatory response caused by IL-17A decreases after surgery, but the levels of IL-17A remain higher compared to healthy individuals, even after the tumor is removed.
In conclusion, these research publications joined within this Research Topic collection offer significant contributions to our understanding of inflammatory breast cancer biology, particularly focusing on the role of immune cells and inflammatory cytokines within the TME. However, there was no submission of any research article studying the crucial role of virokines in breast cancer TME.
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