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Advances in nanoparticle delivery systems for enhanced PROTAC
therapy of breast cancer
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Abstract: Breast cancer remains one of the most prevalent malignancies worldwide, with approximately 2.3
million new cases and 670 000 deaths reported globally in 2022. Current therapeutic challenges include the difficulty
in targeting breast cancer-associated proteins lacking active sites through traditional small-molecule inhibitors, as
well as the high incidence of acquired drug resistance, which collectively undermine treatment outcomes. The
advent of proteolysis-targeting chimera (PROTAC) technology has provided a solution, offering a unique protein
degradation mechanism to circumvent these limitations. Nevertheless, clinical translation of PROTACs requires
addressing inherent limitations such as poor solubility, low bioavailability, and insufficient targeting specificity. To
overcome these barriers, multifunctional nano-delivery systems have emerged as a promising technological
platform to enhance the therapeutic potential of PROTACs. This review systematically examines the latest
advances in nanotechnology-enabled PROTAC delivery for breast cancer treatment, with particular emphasizes
rational nanocarrier design principles and synergistic mechanisms of antitumor combination therapies. We further
critically analyze persistent translational challenges and propose forward-looking solutions. The integration of
nanotechnology with PROTACs not only overcomes the limitations of traditional therapies but also offers new
insights into the precise treatment of breast cancer.
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Figure 2 Hydrophobic core-encapsulated PROTAC nanodelivery platform. A: Construction of nChap and principles of dBET6/CXCL9
loading; B: Schematic diagram of dBET6@nano-CXCL9 lysosomal trafficking, BRD4 degradation, and enhanced ICB therapy via T cell

activation; C: Schematic illustration of dBET6@nano-CXCL9 synergistic triggering robust immunotherapy; D: Design of trastuzumab-

modified nanodelivery platform (MZ1-ACNPs). ICD: Immunogenic cell death; PD-1: Programmed death receptor 1; DC: Dendritic cells;
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Figure 3  Prodrug-conjugated stimuli-responsive PROTAC nanodelivery platform. A: Schematic of dBET6@CFMPD and its synergistic
therapeutic mechanism; B: Construction of nano-protein degrading targeting chimera (nano-PROTACs, NPRO) and activation strategy of
PROTAC prodrug; C: Construction of SPNpro and synergistic mechanism with PDT; D: Design of COX-1/2-targeted nano-PROTACsS,
PROTAC prodrug activation strategy, and combinatorial therapeutic mechanism. MMP-2: Matrix metallopeptidase 2; VHL: Von Hippel-
Lindau; PDT: Photodynamic therapy. IDO: Indoleamine 2, 3-dioxygenase; EMT: Epithelial-mesenchymal transition; UBR: Ubiquitin
protein ligase E3 component n-recognin; SHP2: SH2 domain-containing protein-tyrosine phosphatase-2; COX: Cyclooxygenase; CatB:
Cathepsin B; PGE2: Prostaglandin E2; Tregs: Regulatory T cells; Macs: Macrophage cells; MDSCs: Myeloid-derived suppressor cells.
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Figure 4 Light/radiation-controlled PROTAC nanodelivery platform. A: Construction of NAP and its multimodal therapeutic mechanism;
B: Mechanistic illustration of NAP-mediated BRD4 degradation; C: Structural design of RCN-PROTAC demonstrating effective BRD4
degradation; D: Controlled drug release mechanism of RCN-PROTAC. NIR: Near infrared. (Created with BioRender.com)
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