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Editorial on the Research Topic 


Advances in tumor microenvironment, immunology and immunotherapy of breast cancer


The tumor ecosystems consist of tumor cells embedded within a dynamic tumor microenvironment (TME) comprising immune cells, stromal components, and extracellular factors (1). In breast cancer, the TME exhibits remarkable heterogeneity across molecular subtypes, critically influencing tumor progression, treatment response, and clinical outcomes (2–4). These subtype-specific TME variations have transformed breast cancer management, particularly in immunotherapy and precision oncology approaches. This Research Topic, Advances in Tumor Microenvironment, Immunology and Immunotherapy of Breast Cancer, comprises five comprehensive reviews and five original research articles, which collectively explore the interplay between local TME dynamics and systemic mediators in breast cancer progression, therapeutic resistance mechanisms, and the discovery of novel prognostic biomarkers and therapeutic targets.

TME complexity significantly impacts disease characteristics and treatment efficacy. Xu et al. performed a comprehensive bibliometric analysis using Bibliometrix (R) and VOSviewer to map the 27-year evolution of triple-negative breast cancer (TNBC) clinical trials research globally. Their analysis highlights the groundbreaking advances in immunotherapy for TNBC treatment alongside the growing importance of antibody-drug conjugates (ADCs) in targeted therapy approaches. Wang et al. comprehensively reviewed the existing research on the resistance mechanisms of trastuzumab for human epidermal growth factor 2 (HER2+) breast cancer. One aspect in this review particularly emphasizes TME-mediated resistance pathways operating through both cell-autonomous and non-cell-autonomous mechanisms, including impaired antibody-dependent cellular cytotoxicity (ADCC), aberrant secretion of immunosuppressive cytokines, stromal remodeling, and altered immune cell infiltration.

Hypoxia is a significant feature of TME heterogeneity that arises from dysregulated tumor vasculature and heightened metabolic demand. Zhi et al. reviewed the latest research progress on the role of Hypoxia-inducible factor 1-alpha (HIF1α) in breast cancer progression and therapy resistance across molecular subtypes. Their work highlights HIF1α-mediated mechanisms including metabolic reprogramming, immune evasion, and treatment resistance, while also evaluating emerging therapeutic strategies targeting the HIF pathway in breast cancer patients.

Notably, rare tumor variants provide unique insights into TME plasticity that directly inform clinical decision-making. While high tumor-infiltrating lymphocytes (TILs) typically correlate with improved survival in TNBC, Jiao et al. reported a rare case of low-TIL TNBC with favorable prognosis, named Tall Cell Carcinoma with Reversed Polarity (TCCRP). Their mechanistic studies implicated that cancer-associated fibroblasts (CAFs) in the interstitium of the tumor contribute to immune evasion in this subtype. These findings suggest fibroblast subpopulation targeting could potentially overcome immunotherapy resistance in TCCRP patients, proposing a novel therapeutic strategy for this unique TNBC variant. Bai et al. reported a rare progesterone receptor (PR)-positive acinic cell carcinoma (AcCC) that exhibited distinct molecular features from conventional TNBC. The PR+/E-cadherin+ phenotype in this rare variant indicates unexpected endocrine responsiveness and targetable pathways, redefining treatment approaches for special breast cancer subtypes.

TME information can provide interpretable prognostic biomarkers. Tertiary lymphoid structures (TLS) serve as critical immunological hubs that orchestrate local antitumor responses and have emerged as robust prognostic biomarkers in cancer. In their comprehensive analysis of 95 treatment-naïve primary breast carcinoma specimens, Fang et al. systematically characterized TLS maturation stages and their associated immune cell composition. The study revealed that peritumoral TLS containing CD103+CD8+ tissue-resident memory T cells (Trm) and activated NK cells were associated with favorable clinical outcomes, with quantitative analyses demonstrating a progressive increase in these effector cell populations correlating with TLS maturation. These findings not only validate TLS as indicators of antitumor immune competence, but also reveal the specific immune cell populations, particularly CD8+ Trm cells and NK cells, that drive their protective effects in breast cancer. Beyond cellular components, non-cellular elements in the TME, like cytokines, chemokines, and other soluble factors, play crucial roles in shaping the tumor immune landscape, thereby significantly influencing anti-tumor immunity and treatment responses. Zheng et al. advanced this understanding by developing TSPRS (TGF-β pathway-related prognostic signature), a novel machine learning model that evaluates TGF-β activity-associated prognostic signatures. Their work demonstrated significant correlations between TSPRS scores, TME characteristics, and immunotherapy response.

Systemic modulators can profoundly influence cancer immunity beyond the local tumor microenvironment. For systemic physiological modulation, Koivula et al. conducted a clinical trial investigating the immunomodulatory effects of acute exercise in newly diagnosed breast cancer patients. Their results revealed that just 30 minutes of physical activity prior to treatment could significantly alter circulating immune cell populations, including increased CD8+ T cell and NK cell proportions alongside decreased myeloid-derived suppressor cells (MDSCs). Notably, these exercise-induced changes showed correlation with disease status, suggesting potential applications for prescriptive exercise regimens in cancer therapy. For perioperative interventions, Kadantseva et al. conducted a comparative analysis of inhalation anesthesia (IA) and total intravenous anesthesia (TIVA) in a cohort of 98 breast cancer patients, while no significant differences were observed in the postoperative neutrophil-to-lymphocyte ratio (NLR). However, the IA group exhibited measurable suppression of humoral immunity, which could theoretically impair tumor-specific antibody production and compromise the antitumor activity of immune cells. These findings highlight the underappreciated role of perioperative interventions on sculpting the immunological milieu and determining long-term clinical outcomes in breast cancer management. For autoimmunity-cancer interplay, Qi et al.’s documentation of breast cancer-ulcerative colitis comorbidity provides clinical validation for the bidirectional autoimmunity-cancer interplay, where chronic inflammation may promote carcinogenesis while cancer therapies can trigger autoimmune responses. Collectively, these studies underscore how physiological, pharmacological, and pathological systemic factors collectively shape anticancer immunity and clinical outcomes.

In conclusion, the TME orchestrates breast cancer progression through complex cellular and molecular networks. This Research Topic provides multidimensional insights into TME heterogeneity and delivers new targets and strategies for personalized therapy. The studies featured in this Research Topic collectively advance our understanding of TME immunology, highlighting promising therapeutic targets, resistance mechanisms and novel prognostic tools that may guide clinical decision-making. However, the extraordinary complexity of the TME demands continued investigation using increasingly sophisticated methodologies, including single-cell technologies, spatial transcriptomics, and artificial intelligence approaches. We hope this Research Topic will serve as both a valuable resource and an inspiration for future research aimed at translating TME insights into improved patient outcomes.




Author contributions

YZ: Writing – original draft. JC: Writing – review & editing. SZ: Writing – original draft. KK: Writing – review & editing. YL: Writing – review & editing.




Acknowledgments

We would like to express our sincere thanks to all the authors who submitted their studies to the present Research Topic and the reviewers who evaluated the manuscripts. Their efforts help us to communicate current knowledge under this topic to a worldwide audience.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





References

	 de Visser KE, Joyce JA. The evolving tumor microenvironment: from cancer initiation to metastatic outgrowth. Cancer Cell. (2023) 41:374–4035. doi: 10.1016/j.ccell.2023.02.016, PMID: 36917948


	 Honda CK, Kurozumi S, Fujii T, Pourquier D, Khellaf L, Boissiere F, et al. Cancer-associated fibroblast spatial heterogeneity and EMILIN1 expression in the tumor microenvironment modulate TGF-β Activity and CD8+ T-cell infiltration in breast cancer. Theranostics. (2024) 14:1873–85. doi: 10.7150/thno.90627, PMID: 38505604


	 Xu L, Saunders K, Huang S-P, Knutsdottir H, Martinez-Algarin K, Terrazas I, et al. A comprehensive single-cell breast tumor atlas defines epithelial and immune heterogeneity and interactions predicting anti-PD-1 therapy response. Cell Rep Med. (2024) 5:101511. doi: 10.1016/j.xcrm.2024.101511, PMID: 38614094


	 Kumegawa K, Takahashi Y, Saeki S, Yang L, Nakadai T, Osako T, et al. GRHL2 motif is associated with intratumor heterogeneity of cis-regulatory elements in luminal breast cancer. NPJ Breast Cancer. (2022) 8:70. doi: 10.1038/s41523-022-00438-6, PMID: 35676392







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Zhang, Cui, Zheng, Kawaguchi and Lin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/cover.jpg
’ frontiers | Frontiers in Oncology

Editorial: Advances in tumor
microenvironment, immunology and
immunotherapy of breast cancer





OEBPS/Images/crossmark.jpg
©

2

i

|





