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Abstract

This technology introduces a novel nanocarrier system based on human serum albumin (HSA)
functionalized with multiple trimannose (TM) ligands for precision delivery of immunomodulatory drugs.
The TM groups enable high-affinity targeting to mannose receptors such as MMR and DC-SIGN,
abundant on immune cells and liver tissue. By dynamic-covalently attaching active agents — such as
Toll-like receptor 7/8 (TLR7/8) agonists or STAT3 inhibitors —to HSA, the system ensures rapid
localization, selective uptake, and controlled drug release. With sizes of <40 nm, these biopolymer
carriers penetrate tissues effectively while minimizing off-target exposure. The approach offers high
drug loading, biodegradability, and biocompatibility, enabling safer and more effective treatment of liver
diseases and cancer, and immune disorders through targeted immune modulation.
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as MMR and DC-SIGN, prevalent on macrophages, dendritic cells, and liver sinusoidal endothelial cells.
The number of TM groups can be tailored (typically 1-59 per HSA molecule) to optimize receptor binding
uptake efficiency and in vivo biodistribution.

In addition to targeting moieties, the HSA is conjugated with one or more immunomodulatory drugs—
preferably TLR agonists (e.g., TLR7/8a) or STAT3 inhibitors—using thiol-reactive linkers. This allows
high drug payloads (up to 30 molecules per carrier) with controlled and traceless release, triggered
intracellularly after receptor-mediated endocytosis. The HSA may be denatured during drug conjugation
and subsequently refolded to maintain stability.

Fluorescent dyes can also be incorporated for imaging and biodistribution studies. The glycogen-
inspired architecture with tunable avidity ensures selective accumulation in target organs (the liver for
high-TM nanocarriers) and immune cells, minimizing systemic circulation time and off-target toxicity.
The system’s fully biopolymer composition guarantees biodegradability, long-term stability, and
adaptability to various therapeutic agents, making it a versatile platform for precision nano-
immunotherapy.

Advantages

- Highly specific targeting to immune cells via multivalent trimannose—lectin binding.

- Adjustable ligand density for optimizing cellular uptake and biodistribution.

- High drug loading capacity with adjustable, thiol-reactive linker chemistry, ensuring versatile drug
compatibility.

- Fully biopolymer-based for excellent biocompatibility and biodegradability.

- Potential integration of imaging agents for theranostic applications.

Potential applications

- Targeted immunotherapy for liver cancer, fibrosis, and chronic hepatitis.

- Delivery of TLR agonists for enhancing immunochemotherapy.

- Selective STAT3 inhibitor transport for modulating immune suppression in tumors or hepatitis.
- Precision drug delivery to dendritic cells for vaccine development.

- Combined therapeutic—diagnostic (theranostic) applications in oncology and hepatology.
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