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Editorial on the Research Topic

Unveiling biomarkers and mechanisms in the tumor-immune nexus
Introduction

Cancer is a multifaceted disease driven by genetic mutations, epigenetic changes, and

the evolving interaction with the immune microenvironment (1). Tumor cells often evolve

mechanisms to evade immune detection and promote immune suppression (2). Despite the

recent breakthroughs in cancer immunotherapy, the identification of novel biomarkers and

mechanisms that can predict therapeutic outcomes and provide more targeted treatments

remains a significant challenge (3).

The tumor-immune nexus encapsulates the interactions between tumor cells and

various immune cells, including T-cells, macrophages, dendritic cells, and natural killer

cells (4). These interactions are crucial in determining the immune system’s ability to

recognize and eliminate tumor cells. This complex ecosystem offers both therapeutic

opportunities and challenges.
Biomarkers in the tumor-immune landscape

Biomarkers are essential tools in clinical oncology, offering valuable insights into

disease progression, therapeutic efficacy, and patient prognosis (5). Within the tumor-

immune microenvironment, biomarkers can indicate the status of immune evasion

mechanisms, immune infiltration, and tumor antigen expression (6). For instance,

immune checkpoint molecules such as PD-1, PD-L1, and CTLA-4 are well-established

biomarkers used in immunotherapy, but they do not fully capture the intricate immune

evasion strategies employed by tumors (7).
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Recent studies have highlighted additional biomarkers, including

tumor-associated antigens (TAAs) and tumor-infiltrating

lymphocytes (TILs), that are integral to tumor immunity (7).

Moreover, the presence of specific cytokines and chemokines in the

tumor microenvironment can serve as indicators of immune

activation or suppression (8). These biomarkers, along with

emerging technologies such as single-cell and bulk RNA

sequencing, hold the potential to reveal new therapeutic targets and

to guide personalized treatment regimens. In our Research Topic,

Yao et al. conducted mRNA sequencing analysis and found that

AEG-1 is highly expressed in various cancer types, and is associated

with tumor grading and patient prognosis. Additionally, AEG-1 was

found to regulate Th1/Th2 immune homeostasis, promote glycogen

accumulation, and facilitate tumor fibrosis. This study highlights

the potential of AEG-1 as a key biomarker and therapeutic target,

offering new insights into its role in tumor progression, immune

regulation, and metabolic reprogramming, which could lead to

improved prognostic markers and treatment strategies for cancer.
Mechanisms of immune evasion

Tumor cells employ several strategies to avoid immune

detection. One common mechanism involves the downregulation

of major histocompatibility complex (MHC) molecules, which are

responsible for presenting tumor antigens to immune cells (9).

Tumor cells can also secrete immunosuppressive cytokines, such as

TGF-b and IL-10, that inhibit the activation of immune effector

cells [Wang et al.]. Furthermore, the tumor microenvironment can

create physical and metabolic barriers, including hypoxia and

acidosis, that hinder immune cell infiltration and function (10).

The concept of immune tolerance is also a central aspect of

tumor immunity. Tumor-associated macrophages (TAMs),

regulatory T-cells (Tregs), and myeloid-derived suppressor cells

(MDSCs) are key players in maintaining immune tolerance within

the tumor microenvironment (11). These cells dampen anti-tumor

immune responses and support tumor growth. Understanding the

molecular mechanisms driving the recruitment and activation of

these suppressive cells is crucial for developing strategies to

overcome immune resistance.
Emerging therapies and
future directions

The increasing understanding of the tumor-immune interplay has

paved the way for novel immunotherapies. Cancer immunotherapies,

such as immune checkpoint inhibitors, adoptive T-cell therapy, and

cancer vaccines, have shown promising results in clinical trials (12).

However, the heterogeneous nature of tumors and their immune

microenvironment complicates the development of universal treatments.
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Future research will focus on the identification of novel

biomarkers that can predict patient response to specific therapies.

Moreover, combination therapies that target multiple immune

evasion mechanisms are likely to enhance the effectiveness of

immunotherapy. Recent advances in personalized medicine and

precision oncology offer hope for tailored treatments that take into

account individual tumor-immune profiles.

In our Research Topic, Zhu et al. conducted a systematic review

and meta-analysis to evaluate the effectiveness and safety of

combining PD-1/PD-L1 inhibitors with anti-angiogenic agents in

patients with unresectable hepatocellular carcinoma (HCC)364. The

analysis included five Phase III randomized controlled trials involving

1515 patients and revealed that combination therapy significantly

improved overall survival (OS) and progression-free survival (PFS)

compared to monotherapy or standard treatments. Additionally, the

combination therapy showed a higher objective response rate (ORR),

though it was also associated with a higher risk of adverse events

(AEs).The significance of this study lies in its contribution to

advancing the treatment options for unresectable HCC, a disease

with limited effective therapies. The findings underscore the potential

of combining immune checkpoint inhibitors and anti-angiogenic

agents as a promising therapeutic strategy, providing a new avenue

for improving patient outcomes, while also highlighting the need for

careful management of adverse events.

Furthermore, the role of the microbiome in modulating the

immune response is an emerging area of interest (13). The gut

microbiota, in particular, has been shown to influence the efficacy of

immunotherapy, opening new avenues for therapeutic intervention.
Conclusion

The tumor-immune nexus remains a critical area of research,

with vast potential for advancing cancer therapy. As we continue to

uncover the molecular and cellular mechanisms that govern tumor-

immune interactions, we are moving closer to a future where

personalized and targeted immunotherapies can offer more effective

treatment options for cancer patients. However, challenges remain,

and continued exploration of novel biomarkers, immune evasion

mechanisms, and emerging therapies will be essential in shaping the

next generation of cancer immunotherapy.

The research presented in this Research Topic highlights the

exciting progress being made in this field and provides a glimpse

into the future of cancer treatment, where immune-based therapies

play a central role in combating this devastating disease.
Author contributions

CM: Data curation, Investigation, Writing – original draft,

Writing – review & editing. WW: Writing – original draft, Writing –
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1484226
https://doi.org/10.3389/fimmu.2024.1454720
https://doi.org/10.3389/fimmu.2024.1468440
https://doi.org/10.3389/fimmu.2025.1581492
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Ma et al. 10.3389/fimmu.2025.1581492
review & editing. PZ: Writing – original draft, Writing – review &

editing. JX: Writing – original draft, Writing – review & editing.

Acknowledgments

We deeply thank all the authors and reviewers who have

participated in this Research Topic.
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.
Frontiers in Immunology 03
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
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.
References
1. Cao LL, Kagan JC. Targeting innate immune pathways for cancer
immunotherapy. Immunity. (2023) 56:2206–17. doi: 10.1016/j.immuni.2023.07.018

2. Darvin P, Toor SM, Sasidharan Nair V, Elkord E. Immune checkpoint inhibitors:
recent progress and potential biomarkers. Exp Mol Med. (2018) 50:1–11. doi: 10.1038/
s12276-018-0191-1

3. Mao X, Xu J, Wang W, Liang C, Hua J, Liu J, et al. Crosstalk between cancer-
associated fibroblasts and immune cells in the tumor microenvironment: new findings
and future perspectives. Mol Cancer. (2021) 20(1):131. doi: 10.1186/s12943-021-01428-1

4. Lei X, Lei Y, Li JK, Du WX, Li RG, Yang J, et al. Immune cells within the tumor
microenvironment: Biological functions and roles in cancer immunotherapy. Cancer
Lett. (2020) 470:126–33. doi: 10.1016/j.canlet.2019.11.009

5. Duan Q, Zhang H, Zheng J, Zhang L. Turning Cold into Hot: Firing up the Tumor
Microenvironment. Trends Cancer. (2020) 6:605–18. doi: 10.1016/j.trecan.2020.02.022

6. McLaughlin M, Patin EC, Pedersen M, Wilkins A, Dillon MT, Melcher AA, et al.
Inflammatory microenvironment remodelling by tumour cells after radiotherapy. Nat
Rev Cancer. (2020) 20(4):203–17. doi: 10.1038/s41568-020-0246-1

7. Kumagai S, Koyama S, Itahashi K, Tanegashima T, Lin YT, Togashi Y, et al. Lactic
acid promotes PD-1 expression in regulatory T cells in highly glycolytic tumor
microenvironments. Cancer Cell . (2022) 40(2):201–18.e9. doi: 10.1016/
j.ccell.2022.01.001

8. Ozga AJ, ChowMT, Luster AD. Chemokines and the immune response to cancer.
Immunity. (2021) 54:859–74. doi: 10.1016/j.immuni.2021.01.012

9. DhatChinamoorthy K, Colbert JD, Rock KL. Cancer immune evasion through
loss of MHC class I antigen presentation. Front Immunol. (2021) 12:636568.
doi: 10.3389/fimmu.2021.636568

10. Hu J, Li X, Yang L, Li H. Hypoxia, a key factor in the immune
microenvironment. BioMed Pharmacother. (2022) 151:113068. doi: 10.1016/
j.biopha.2022.113068

11. Pan Y, Yu Y, Wang X, Zhang T. Tumor-Associated Macrophages in Tumor
Immunity. Front Immunol. (2020) 11:583084. doi: 10.3389/fimmu.2020.583084.
[published correction appears in Front Immunol. 2021 Dec 10;12:775758. doi:
10.3389/fimmu.2021.775758.].

12. Rui R, Zhou L, He S. Cancer immunotherapies: advances and bottlenecks. Front
Immunol. (2023) 14:1212476. doi: 10.3389/fimmu.2023.1212476

13. Wong-Rolle A, Wei HK, Zhao C, Jin C. Unexpected guests in the tumor
microenvironment: microbiome in cancer. Protein Cell. (2021) 12:426–35.
doi: 10.1007/s13238-020-00813-8
frontiersin.org

https://doi.org/10.1016/j.immuni.2023.07.018
https://doi.org/10.1038/s12276-018-0191-1
https://doi.org/10.1038/s12276-018-0191-1
https://doi.org/10.1186/s12943-021-01428-1
https://doi.org/10.1016/j.canlet.2019.11.009
https://doi.org/10.1016/j.trecan.2020.02.022
https://doi.org/10.1038/s41568-020-0246-1
https://doi.org/10.1016/j.ccell.2022.01.001
https://doi.org/10.1016/j.ccell.2022.01.001
https://doi.org/10.1016/j.immuni.2021.01.012
https://doi.org/10.3389/fimmu.2021.636568
https://doi.org/10.1016/j.biopha.2022.113068
https://doi.org/10.1016/j.biopha.2022.113068
https://doi.org/10.3389/fimmu.2020.583084
https://doi.org/10.3389/fimmu.2023.1212476
https://doi.org/10.1007/s13238-020-00813-8
https://doi.org/10.3389/fimmu.2025.1581492
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Editorial: Unveiling biomarkers and mechanisms in the tumor-immune nexus
	Introduction
	Biomarkers in the tumor-immune landscape
	Mechanisms of immune evasion
	Emerging therapies and future directions
	Conclusion
	Author contributions
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


