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Figure 1 Three modes of heat transfer from near to far distance on the
surface of nano-heaters
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Figure 2 Anti-tumor immunity triggered by nanomaterials-mediated hyperthermia. A: The intracellular nanoscale heat of magnetic hyperthermia
induces tumor cells to release damage-associated molecular patterns and causes immunogenic cell death of tumor cells, which has been successfully
applied in adjuvant therapy as tumor vaccine in mice; B: magnetic hyperthermia induces the release of damage-associated molecular patterns from
tumor cells in surgically resected ex vivo human breast cancer tissue. Scale bar, 20 um; C: polarization of RAW?264.7 macrophages after treatment with
magnetic hyperthermia; D: the release of interleukin 6 and 1B from dendritic cells after treatment with different photothermal nano-agents; E: the
phagocytosis of tumor cells by macrophages after treatment with magnetic hyperthermia. Scale bar, 20 um. ANXA1: annexin Al; HSP: heat shock
protein; CXCL10: C-X-C motif chemokine ligand 10; elF2a: eukaryotic initiation factor-2a; TLR3: Toll-like receptor 3; IFN-B: interferon-B; CFSE:

carboxyfluorescein diacetate succinimidyl ester. Adapted from refs. [43,44,51,53] with copyright permission from American Chemical Society and
Royal Society of Chemistry
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Figure 3 Nanomaterials-generated heat can activate thermosensitive ion channels. A: Mechanism of heat generation by magnetic nanomaterials
under an alternating magnetic field to open TRPV1 heat-sensitive ion channels on the cell membrane; B: mechanism of heat generation by
photothermal nano-agents under near-infrared-1I laser irradiation to open TRPV1 channels on the cell membrane. Adapted from refs. [63,72] (Open

Access)
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Since ancient times, heat has served as a prevalent form of energy for physical therapy. Hyperthermia has progressed from whole-
body hyperthermia to localized methods, formed a thermal therapy system centered on radiofrequency ablation and microwave
ablation. It is recommended in the treatment of diseases, especially various tumors. However, classical thermal ablation techniques
encounter challenges including poor conformance, limited therapeutic range, and high recurrence rates. Nanomaterials-mediated
hyperthermia micro-nano scale represents a novel generation of physical therapy technology. It converts external physical field energy
into heat at the lesion site through nanomaterials to achieve therapeutic effects. Micro-nano scale hyperthermia offers advantages such
as high conformity, remote controllability, and multi-modal diagnosis and treatment. It can further induce various molecular events in
tumor cells, resulting in immunogenic death of tumor cells and ultimately stimulating anti-tumor immunity to prevent tumor
recurrence and metastasis. The heat transfer mechanism of nanomaterials-mediated hyperthermia at micro-nano scale differs
fundamentally from traditional thermal ablation, in addition to damaging target cells, it can also regulate specific functions of target
cells. Notably, the regulation of the nervous system via thermal-sensitive ion channels has emerged as a prominent application of
micro-nano scale hyperthermia in recent years. This article reviews the technological progress from the early to the modern era, and
summarizes the characteristics and advantages of nanomaterials-mediated micro-nano scale heat as a new generation of thermal
therapy technology. The article also introduces the basic principles of micro-nano scale heat transfer, and specifically describes its
applications and prospects in the fields of tumor therapy and neuroregulation.

nanomaterials, micro-nano scale hyperthermia, near-field heat transfer, magnetic hyperthermia, photothermal therapy
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