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Telodendrimers for the Delivery of Therapeutic Proteins

ZHONG Yuanbo, WANG Xu
(National Engineering Research Center for Colloidal Materials, Shandong University, Jinan 250100, China)

Abstract: Telodendrimer specifically refers to a linear-dendritic copolymer containing a single monodendron or dendrimer
and a linear segment attached at the “focal” point of the dendritic fragment. The well-defined chemical structure of telodendrimer
allows for precise engineering of functionalities in telodendrimer for stable incorporation of therapeutic proteins via multivalent
and hybrid interactions. The telodendrimer provides a versatile platform that enables (i) the encapsulation of proteins to
form nanoparticles for tumor-targeted protein delivery by the enhanced permeability and retention effects, (ii) the formation
of lipidoid-telodendrimer hybrid nanoparticles for intracellular delivery of truncated diphtheria toxin in brain tumor treatment,
(iii) the structure-based nanocarrier design for insulin delivery towards effective control of blood glucose levels, and (iv)
the detachable protection of protein-polycation nanocomplex for efficient intracellular protein delivery with reduced polyca-
tion-associated cytotoxicity and hemolytic activity, as well as eliminated aggregation and non-specific binding of polycations
to other biomacromolecules. In this review, the telodendrimer-based protein delivery systems are summarized. The affinity-
controlled protein encapsulation and the targeted and/or intracellular protein delivery for disease treatments by employing
telodendrimer nanocarriers are discussed.
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Fig. 1  Schematic illustrations of telodendrimer structures and protein encapsulation (a) ; In vivo animal images of HT-29 colon cancer bearing
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Fig. 2 Schematic illustrations of the formation of protein-loaded lipidoid-telodendrimer hybrid nanoparticles and brain tumor treatment (a) ,

Typical bioluminescence images of mice injected with intracranial U87 tumors treated with different formulations at different days

after the cell intracranial implantation (b), DT -incorporated nanoparticle delivery suppresses tumor growth on mice injected with

intracranial U87 tumors, * P < 0.05 as comparison to each control group (c)
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Fig. 3 Schematic illustrations of rational design and combinatorial synthesis of telodendrimers for protein delivery (a) ; Natural logarithm

of equilibrium dissociation constant (InKj)) plotted against average docking energy (E,) (b), linear regression was fit via Ordinary

Least Square to calculate the Pearson correlation coefficient r and the associated P values; Quantification of hypoglycemia index (¢) [50]
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Fig. 4 Confocal fluorescence microscopy images of HT-29 cells incubated
with free FITC-BSA (a), FITC-BSA: PEI (1:2, w/w) (b),
FITC-BSA: PEI: telodendrimer (1:2:2, w/w) (c), and BSA;
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Table 1 Overview of the telodendrimer design and the fabrication of telodendrimer-based nanoparticles for protein delivery

Charged functionality Hydrophobic functionality Other component * Loaded protein Reference
Guanidine, D-a-tocopherol - BSA [22]
- Cholesterol Lipidoid DTs [49]
Amine D-a-tocopherol - Insulin [50]
Oxalic acid Cholesterol Polycation BSA [58]

* Other component in the telodendrimer-based hybrid nanoparticles
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