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Editorial on the Research Topic 


Tumor microenvironment targeted nanomedicine: a feasible strategy for cancer imaging and theranostics


Tumor microenvironment (TME) has been widely recognized as a critical part of cancer development. TME consists of all the non-cancerous cells, including immune cells, fibroblasts, endothelial cells, neurons, adipocytes, as well as some non-cellular components such as extracellular matrix (ECM), cytokines and chemokines. The characteristics of TME and the cross-talk between TME and cancer cells contribute greatly to all stages of tumorigenesis and cancer progression (1). Thus, targeting TME for cancer imaging and therapies is a promising field for cancer research. However, despite the advances made in recent years, many clinical trials targeting TME have failed due to unsatisfactory therapeutic efficacy in cancer patients (2). The main reasons may contribute to the shortage of a deep understanding of the intricate mechanisms of TME and effective adjuvant techniques. In recent years, nanotechnology has been rapidly developed and demonstrated great application value for treating various diseases, including cancer (3). Since the physiochemical features and ease of synthetic design of nanomaterials, nanomedicine could be designed as cancer therapeutic regimens according to the characteristics of TME (Figure 1).




Figure 1 | Brief illustration of tumor microenvironment and nanomedicine targeted strategies. Created with BioRender.com.



This Research Topic, “Tumor Microenvironment Targeted Nanomedicine: A Feasible Strategy for Cancer Imaging and Theranostics,” contains five most-recent review articles. Each study has systematically reviewed certain nanotechnologies, showing great value in various clinical applications for treating cancer.

Immune cells occupy a large part of TME with both innate (macrophages, neutrophils, dendritic cells, innate lymphoid cells, myeloid-derived suppressor cells, and natural killer cells) and adaptive immune cells (T cells and B cells) (4). In the past few decades, cancer immunotherapy has progressed much, in which immune checkpoint inhibitors are included in the first-line treatments. However, the suppressive immune microenvironment and insufficient immune response rate greatly restrain the therapeutic efficacy. Notably, the activation of STING signaling pathway with STING agonists shows great potential in turning the “cold” tumor into “hot” tumor, thus enhancing the antitumor immune response in the TME (Chen et al.). By loading different STING agonists such as cGAMP, SR-717, MSA2, PC7A or co-stimulating with other immune agents, designed nanomedicine could act as a prospective platform for delivering and amplifying the effectiveness of STING agonists for cancer immunotherapy (Chen et al.). In addition, the abnormal tumor vessels in TME serve as another immunosuppressive factor (5). Tumor angiogenesis is a complex process requiring the participation of tumor cells, endothelial cells, immune cells, ECM, cytokines, etc. The abnormal structure and function of tumor vasculature contribute greatly to cancer progression as it is one of the critical reasons for tumor hypoxia and low PH, inefficient drug delivery, and reduced immune cell infiltration (Xiao et al.). Nanomaterial-based anti-angiogenic therapy has exhibited prior advantages to traditional anti-angiogenic drugs, showing less side effects and drug resistance. To be more specific, Xiao et al. comprehensively overviewed the characteristics and molecular mechanisms of abnormal tumor vasculature and discussed the connection with tumor immune microenvironment, further summarizing the recent advances of nanomedicines for targeting tumor angiogenesis, which influenced tumor immunotherapy.

TME illustrates unique features, such as low pH, hypoxia, high H2O2, high GSH, etc., contributing to cancer malignancy. Notably, these distinct characteristics also enable nanomedicine to target tumors and mediate effective therapy via TME-responsive designs. For example, hypoxia-responsive nanomedicines (e.g., hypoxia-targeted, hypoxia-alleviated, and hypoxia-triggered nanomaterials) can enhance the therapeutic efficacy by smartly hypoxia-specific drug releasing (Xia et al.). Besides, combined with certain nano-contrast agents for ultrasound, magnetic resonance imaging (MRI), or positron emission tomography (PET) imaging, these TME-responsive nanomaterials may offer earlier and more precise tumor detection than traditional tumor imaging agents.

Moreover, these well-designed nanomedicine for cancer imaging and theranostics can provide better biosafety than conventional strategies. For example, gadolinium (Gd)-based contrast agents are most frequently used in clinical MRI. However, the safety of Gd-based contrast agents has raised great concerns due to some severe side effects. Various recent studies have demonstrated that manganese (Mn)-based nanomaterials can also be applied for MRI with great biocompatibility and accurate cancer diagnosis (Liu and Rong). In addition, Mn-based hybrid nanomaterials show great responsiveness to TME. Thus, such nano-platform can assist drug delivery and traditional cancer therapies by serving as imaging-guided agents, giving a prospective sight for developing cancer precision medicine (Liu and Rong). Another kind of nanomaterial, carbon nanotubes (CNTs), characterized with nanosized hollow tube-shaped structures with unique physical-chemical characteristics ranging from strong near-infrared absorbance to good photothermal performance, has shown broad application potential for drug delivery, cancer imaging and cancer photothermal therapy as well (Zhang et al.). However, CNTs exposure may be related to malignant mesothelioma development and lung damage (Zhang et al.). Thus, it well reminds us that every coin has two sides. Undeniably, nanomedicine has shown huge potential in cancer diagnosis and treatment, but there is still a long way.

In summary, this Research Topic presents these most recent review articles and sums up the current advancement of TME-targeted nanomedicine from several perspectives. Further studies that reveal the underlying mechanisms of TME and nanotechnology innovation would be critical for clinically used in cancer imaging and theranostics.




Author contributions

Conceptualization, YX, DJ and WC; Writing—original draft preparation, YX and WC; Writing—review and editing, DJ and WC. All authors have read and agreed to the published version of the manuscript.





Funding

This work was supported by the Natural Science Foundation of China (82101916), the Huadong Medicine Joint Funds of the Zhejiang Provincial Natural Science Foundation of China (No. LHDMZ22H300005), Major project of Science and Technology Program of Jinhua, China (No. 2022-3-039).





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.





References

1. Hinshaw, DC, and Shevde, LA. The tumor microenvironment innately modulates cancer progression. Cancer Res (2019) 79:4557–66. doi: 10.1158/0008-5472.CAN-18-3962

2. Xiao, Y, and Yu, D. Tumor microenvironment as a therapeutic target in cancer. Pharmacol Ther (2021) 221:107753. doi: 10.1016/j.pharmthera.2020.107753

3. van der Meel, R, Sulheim, E, Shi, Y, Kiessling, F, Mulder, WJM, and Lammers, T. Smart cancer nanomedicine. Nat Nanotechnol (2019) 14:1007–17. doi: 10.1038/s41565-019-0567-y

4. Gajewski, TF, Schreiber, H, and Fu, YX. Innate and adaptive immune cells in the tumor microenvironment. Nat Immunol (2013) 14:1014–22. doi: 10.1038/ni.2703

5. Huinen, ZR, Huijbers, EJM, van Beijnum, JR, Nowak-Sliwinska, P, and Griffioen, AW. Anti-angiogenic agents - overcoming tumour endothelial cell anergy and improving immunotherapy outcomes. Nat Rev Clin Oncol (2021) 18:527–40. doi: 10.1038/s41571-021-00496-y




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 © 2023 Xu, Jiang and Chen. 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/fonc-13-1228910-g001.jpg
Nanomaterials

% carbon ‘
polymer

liposomes nanotubes

metal nanoparticles

)@ (Mn/Fe/Cu/Co...)

abnormal vessels

hypoxia, redox,

H.0,, weak acid immune cells

&

Targeted
characteristics

: \"“ 0o i
Targeted

extracellular ) other cells
cytokines components

matrix





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc.2023.1228910_cover.jpg
, frontiers ‘ Frontiers in Oncology

Editorial: Tumor microenvironment targeted
nanomedicine: a feasible strategy for cancer
imaging and theranostics





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Editorial: Tumor microenvironment targeted nanomedicine: a feasible strategy for cancer imaging and theranostics

      

        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





